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The recent number of Peleitnaun’s Millhcilungcn contains 
articles and maps on the American North Polar Expedition and 
Transcaspian Russia. The New Lybian Expedition and the 
Russian March on Khiva are the subjects of two of the articles. 

By the deaSr of the last surviving porpoise the Brighton 
Aquarium has to lament the loss of one of its most attractive 
features. 

We have received the Prospectus of a new club to be called 
“ The Scientific Societies Club.” The approaching concentra¬ 
tion of scientific societies, the Prospectus says, suggests that the 
present is a fitting lime for the formation of a “Scientific 
Societies Club,” (which would afford in the neighbourhood of 
Burlington I Iousej conversation and reading rooms, as well as 
the usual facilities of a club for members of all scientific societies. 
In order to renderjtlie elub'generally available and as useful as 
possible to the scientific world, it is proposed that the entrance 
fee and the annual subscription shall each be small. 

ACCORDING to Dr. Fritsch, the discovery has lately been made 
of lacustrine dwellings in the vicinity of Leipsic, as the result of 
certain engineering operations undertaken to regulate the course 
of the River Elster. After passing through a series of layers at 
a certain depth, the workmen found a series of oak piles pointed 
below and decomposed above, and supporting a certain num¬ 
ber of oak trunks placed horizontally ; and on the same level 
with these were found certain lower jaws,and teeth of oxen, 
fragments of antlers, broken bones of various mammifers, shells 
of an Anodon, fragments of pottery, two polished stone hatchets, 
Ac. 

Prof. C. A. White, of Iowa State University, and State 
geologist of Iowa, has been appointed to tlie new chair ot 
Geolog)' and Natural History at Bowdoin College. 

A communication lias been made to the Academia dei Lincei 
of Rome, by M. Tarry, giving the results of his personal expe¬ 
rience and investigations into the connection between the cyclonic 
storms and the showers of sand that frequently visit Southern 
Europe. M. Tarry, after travelling as secretary to the French 
Meteorological Society into Northern Africa and the Desert of 
Sahara, and having consulted the files of the Daily Weather 
Bulletin of the Paris Observatory, believes himself to have 
established the fact that whenever a cyclone passes southward 
from Europe over the Mediterranean Sea into Africa (as some 
few of them do every season), it then returns northward or 
northwestward, and transports the sand which in the desert 
formed a sand-storm to the southern coasts of Europe as a sand- 
shower of greater or less duration. *1 he satisfactory investi¬ 
gation of this subject is much impeded by the absence of 
barometric observations on the southern shores of the Medi¬ 
terranean ; and to remedy this defect, M. Tarry has recently 
established new meteorological statistics at Mogadore, Morocco, 
Terceira, Madeira, and even in the interior of the Sahara. 

“ Generai. Remarks on the Climate of Bombay, with a brief 
description of the Peculiarities of the Weather of the year 1S71,” 
is the title of a pamphlet which we have just received, written by- 
Mr. Charles Chambers, F.R.S., Superintendent of tlieKolaba 
Observatory. 

The Times of India stales that education is making rapid 
progress in Ceylon, and vernacular schools will soon be within 
the reach of every section of the native community. The same 
paper states that Ceylon will contribute a selection’of colonial 
products to the next Exhibition at South Kensington. 

The Rev. Thos. [ Gamier, Dean of Winchester, who died 
recently at the age of 98, was the “father” of tiie Linnean 
Society, having been elected during the last century, in 179S, 
only ten years after the foundation of the Society. [Some of 


his contributions to botanical literature bore tiie] date of last 
century. 

The additions to'the Zoological Society’s Gardens during tha 
past week include a Garnet’s [Galago ( Galago ganttfti) from 
East Africa, presented by Capt. Geo. Butchart; a Manx Shear¬ 
water (Proccllaria fufinus), British, presented by Dr. lirec; a 
Reeve’s Muntjac ( Ccrvulns reevesi ), from China, presented by 
Mr. R. Swinhoe ; a Spotted Cavy (Citlegcnyspica), from South 
America, presented by Mr. J. de Castro ; three Common Cha- 
mrdeons ( Chanuelcon vulgaris), from Africa, presented by Mr. 
W. C. Hotham ; an Alligator (Alligator .*/>.), presented by Mr. 
W. Gillespie. 


SOCIETIES AND ACADEMIES 

Paris 

Academy of Sciences, Sept. S.—M. Bertrand in the chair. 
—The following papers were read:—Fifth note on Guano, by 
M. Chevreul.—Note on the observations of M. Lccoq de Bois- 
baudran, relative to the appearance of Phylloxera in the vine¬ 
yards of the Charente, by M. Milne-Edwards,—Note on the 
number of points of intersection which represent a multiple 
point common to two plane curves, &c., by M. de la Gournerie. 
—Researches on Crystalline Dissociation, continuation^ by MM. 
P. A. 1'avre and C. A. Valson. This portion of the paper 
dealt with the valuation and division of the work done in saline 
solutions.—Note on a New System of representing the con¬ 
tinuous Meteorological Observations, made at the National Ob¬ 
servatory, Algiers, by M. Bulard.—Note on Magnetism, third 
part, by M. J. M. Gaugain.—On the Spontaneous Motion of As¬ 
cension of Liquids in Capillary Tubes, byC. Decharme. This por¬ 
tion of the paper treated of the subject from a theoretical point 
of view.—On Fyrogallol in the presence of iron salts, by M. E. 
Tacqucmin.—Researches on the Spectra of. Chlorophyll, by M. 
J, Chautard. The author has found that this substance so easily 
changed as viewed from the physiological point of view, is very 
stable when subjected to chemical reagents.—On the state of the 
Volcano of Nisiros, in March, 1S73, by M. IE.Gorceix.—M. de 
Laval sent a note stating that he was the original proposer of the 
use of the carbonic disulphide against the Phylloxera.—The 
ephemerides of Brorsen’s Comet were received from Mr. Plummer, 
and a note on the same comet, and on that of Faye, from M. 
Stephan.—New observations on the presence of Magnesium on 
the Solar Limb, and an answer to certain points in M. Faye’s 
theory, by Father Tacchini. The author stated in his letter that 
the fact of the line 1474 K always appearing with b, and even 
without it, induces him to think that the.former is not due to 
iron which is much heavier than magnesium.—On the use cf 
Chronometers at sea. by Mi Magnac.—Reflections on Sponla- 
neous generation, in relation to a note by M. Gayon, cn the 
spontaneous changes of eggs, and a note of Mr. Grace Calvert 
on the power of preventing the development of Protoplasmic 
life, by M. A. Bechamp. 


THE BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 

T HE forty-third meeting of the Association was opened 
yesterday evening in Bradford, jvhen Dr. Carpenter 
resigned the Presidency, and was succeeded by Prof. A. 
W. Williamson, who delivered the opening address in St. 
George’s Hall. 

Notwithstanding that Bradford is considerably larger 
than Brighton, its resources in the way of sleeping accom¬ 
modation have been considerably tried by the unusually 
large influx of visitors caused by the meeting of the Asso¬ 
ciation. All the hotels, we believe, are full, as well, as 
most of the private houses on the lists of the secretaries. 
Arrangements have, however, been made with the. railway 
companies for conveying members to and from neighbour¬ 
ing towns where hotel accommodation may be obtained. 
The local secretaries. Dr. Campbell, Mr. Goddard, and 
Mr, Piele Thompson, have spared no pains to make the 
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arrangements for tlie reception of the members of the 
Association perfect ; and if the meeting is not in all re¬ 
spects a complete success, it will be no fault of theirs, 
nor of the local authorities, who seem anxious to do all 
in their power for the comfort and enjoyment of the 
visitors. 

A very fine town-hall was opened in Bradford a few 
days ago, but so far as we can learn, none of the meetings 
of the Association will be held in it. Ample accommo¬ 
dation has been provided in other buildings for the various 
meetings. The Sections met to-day at 11 A.M., and con¬ 
tinue to do so till Tuesday next. Section A meets in 
the School Room, Horton Lane Chapel; Section B in 
the School Room, Unitarian Chapel ; Section C in the 
Lecture Hall, Horton Lane Chapel ; Section D in the 
Church Institute ; Section E in the Mechanics’ Institute ; 
Section F in the West Riding Court House ;_and Section 
G in the Church Institute. To-night a soiree will.be held 
in St. George’s Hall : in the same place, to-morrow night, 
at S.30, Professor W, C. Williamson, F.R.S., of Man¬ 
chester, delivers a discourse on “ Coal and Coal Plants 
on Saturday evening, at 7.30, Dr. Siemens gives a lecture 
to the operative classes on “Fuel;” and on Monday 
evening, at 8.30, Professor Clerk-Maxwell, a discourse on 
“ Molecules.” On Tuesday next, a soiree takes place at 
8.30 r.M. in the Mechanics’ Institute, where, on Wed¬ 
nesday, the concluding General Meeting will take place 
at 2.30 pst. ; on the same evening, a Grand Compli¬ 
mentary Concert will be.given in St. George’s Hall, at 
8 o’clock. 

A number of Reports, both those involving and those 
not involving grants of money, will be given in, and will 
no doubt be listened to with great interest by the scientific 
men present. We hope that this year the Association 
wiil rise to the occasion in the matter of liberality, and 
give a practical example of what ought to be done in the 
endowment of scientific research. By the courtesy of the 
officers we are enabled to give the Inaugural and some of 
the Sectional Addresses. To the same source we are 
indebted lor the following list of some of the papers to 
be read in the various sections :— 

SECTION A.—Lord Rayleigh : A short paper on a 
Natural Limit to the Sharpness of the Spectral Lines.— 
W. Davis ; Some Abnormal Effects of Binocular Vision. 
—H. Muirhead : On Regelation.—G. M. Whipple : A 
new Electrical Anemograph; a new form of Ruther¬ 
ford’s Minimum Thermometer; on the Passage of Squalls 
across the British Isles.—W. R. Birt : On the Import¬ 
ance and Necessity of continued Systematic Observation 
of the Moon’s Surface.—G. O. Hanlon : Some Suggestions 
towards the formation of extended Tables of Logarithms. 
—M. Hermite : On the Irrationality of the Base of Hy¬ 
perbolic Logarithms.—R. S. Ball: Dynamometers for the 
Measurement of Force in absolute units ; A quiescent 
rigid body possessing three degrees of freedom receives 
an impulse : determine the instantaneous screw about 
which the body commences to twist. 

Section B.—Messrs. A. Vernon Harcourt and F. W. 
Fish : On a continuous process for purifying Coal Gas 
from Sulphuretted Hyd. and Ammonia, and for extracting 
Sulphur and Ammoniacal Salts.—W. H. Pike : On several 
Homologues of Oxalic Acid,—Dr. Gladstone : Black 
Deposits of Metals.—C. Homer: On the Spectra of 
certain Boric and Phosphoric Acid blow-pipe beads.— 
J. Spiller: On Artificial Magnetite.—W. Symons: Re¬ 
marks on a paper by the Marquis of Salisbury on Spectral 
Lines of Cold Temperature.—A. Tribe : Spec. gr. bottle 
for liquids spontaneously inflammable in contact with 
air. 

Section C.—Rev. J, F. Blake: Additional Remains 
of Pleistocene Mammals in Yorkshire.—W. Blandford : 
Some Evidences of Glacial Action in Tropical India.—A. 
Leith Adams : Concluding Report of the Malta Fossil Ele¬ 
phants.—R. Russell: Geological Sketch of Bradford and 
the neighbourhood.— J. Hopkinson : On Graptolites 


found (1) in Ramsay Island, St. David’s ; (2) in the 
Ludlow Rocks of Shropshire.—H. Hicks : On the Arenig 
and Llandeilo Rocks of St. David’s.—J. L. Lobley: On 
the British Palaeozoic Arcade. 

Section D.—Hyde Clarke : Comparative Chronology 
of Man in America in relation to Comparative Philology. 
—Prehistoric Names of Weapons.—W, T. Blandford; 
The Fauna of Persia.—J. Willis : The Flora of the 
Environs of Bradford.—J. Milnes Fothergill : Heart and 
Brain.—K. Kaines : A true Cerebral Theory necessary to 
Anthropology. 

Section E,—C. F. Beke: On the True Position of 
Mount Sinai.—W. Blandford : Physical Geography of the 
Deserts of Persia and Central Asia.—G. Darwin : On 
Some Maps of the World and on a Portable Globe.—Rev. 
W. B. Kerr : Overland Route from India.—E. L. Oxen- 
ham : A Journey from Pekin to Hankow.—Capt. Davis : 
The Voyage of the Challenger— Sir F. Goldsmid : On 
Persia. 

Section F.—Hyde Clarke : The Influence of Large 
Centres of Population on Intellectual Manifestation.—Dr. 
Appleton: On some of the Economical Aspects of Endow¬ 
ments of Education and Original research.—T. G. P. Hal- 
lett : The Income Tax Question.—W. P. Henderson : 
Commercial Panics.—W. Hastings : Postal Reform.—R. 
H. Palgrave : The Relation of the Banking Reserve of 
the Bank of England to the Current Rate of Interest.— 
G. C. T. Barnsley : The Poor-Law Board and its Effect 
on Thrift. 

Among British men of science expected to be present at 
this year's meeting are the following:—Prof. W. G. Adams, 
F.R.S. ; Major-General Sir J. Alexander, Sir Rutherford 
Alcock, K.C.B. ; Prof. Attfield, Prof. R. S. Ball, Admiral 
Sir E. Belcher, K.C.B.; W. H. Barlow, F.R.S.; Prof. 
Balfour, W. Boyd Dawkins, F.R.S.; Sir P. G. Egerton, 

F. R.S. ; Sir W. Fairbaim, F.R.S. ; Dr. W. Farr, Prof. 
Michael Foster, M.D.: Mr. J. G. Fitch, Mr. P. Le Neve 
Foster, Mr. C. L. N. Foster, Col. Lane Fox, Sir G. D. 
Gibb, Bart.; Rev. Prof. Griffiths, Capt. D. Galton, C.B. ; 

G. Griffiths, F.C.S,; Prof. Greenwood, Mr. J. W. L. 
Glaisher, Sir F. Goldsmid, J. P. Gassiot, F.R.S. ; Dr. J. 

H. Gladstone, F.R.S.; Dr. P. H. Holland, W. Huggins, 
D.C.L., F.R.S. ; Prof. Hughes, Lord Houghton, F.R.S. ; 
Prof. G. Harley, F.R.S. ; Prof. Herschel, Rev. R. Harley, 
F.R.S. ; Mr. A. V. Harcourt, F.R.S. ; Mr. G. J. Holy- 
oake, Mr. A. K. Johnston, Prof. Leone Levi, Prof. J. Clerk 
Maxwell, F.R.S. ; Prof. A. Newton, F.R.S.; Vice-Admiral 
Ommaney, C.B., F.R.S.: Prof. Phillips, W. Pengellv, 
F.R.S. ; the Earl of Rosse, Prof. G, Rolleston, M.D,, 
F.R.S.; Prof. Roscoe, F.R.S.; Dr. W. Rutherford, Dr. 
W. J. Russell, F.R.S. ; Prof. Savage, Prof. Balfour 
Stewart, F.R.S.; Major-General Scott, Prof. Smith, Prof. 
Tyndall, F.R.S.; Prof. W. C. Williamson, F.R.S.; T. 
Wright, F.S.A. ; Prof. Williamson, F.R.S.; the Arch¬ 
bishop of York, &c. The following foreigners are also 
expected to be present:—M. Guido Cora, Dr. Janssen, 
Prof. Klein, Baron von Richthofen, Arminius Vambery, 
&c. 


Inaugural Address of Prof. Alexander W. Williamson, 
F.R.S., President. 

Instead of rising to address you on this occasion I had hoped 
to sit quietly amongst you, and to enjoy the intellectual treat of 
listening to the words of a man of whom England may well be 
proud—a man whose life has been spent in reading the great 
book of nature, for the purpose of enriching his fellow men with 
a knowledge of its truths—a man whose name is known and 
honoured in every corner of this planet to which a knowledge of 
science has penetrated—and, let me add, a man whose name 
will live in the grateful memory of mankind as long as the records 
of such noble work are preserved. 

At the last meeting ot the Association I had the pleasure of 
proposing that Dr. Joule be elected President for the Bradford 
Meeting, and our Council succeeded in overcoming his reluctanc? 

. and in persuading him to accept that office. 
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Nobly would Joule have discharged the duties of President 
had his bodily health been equal to the task; but it became 
apparent after a while that he could not rely upon sufficient 
strength to justify him in performing the duties of the Chair, 
and, in obedience to the orders of his physician, he placed his 
resignation in the hands of the Council about two months ago. 
When, under these circumstances, the Council did me the great 
honour of asking me to accept their nomination to the President¬ 
ship, I felt that their request ought to have with me the weight 
of a command. 

For a good many years past Chemistry has been growing at a 
more and more rapid rate, growing in the number and variety 
of facts which are added to its domain, and not less remarkably 
in the clearness and consistency of the ideas by which these facts 
are explained and systematised. The current literature of che¬ 
mical research extends each year to the dimensions of a small 
library j and mere brief extracts of the original papers published 
annually by tbe Chemical Society, partly aided by a grant from 
this Association, take up the chief part of a very stout volume. 

I could not, if I would, give you to-night even an outline of the 
chief newly discovered compounds and of the various changes 
which they undergo, describing each of them by its own name 
(often a very long one) and recording the specific properties 
which give to each substance its highest scientific interest. But 
I am sure that you would not wish me to do so if I could ; for 
we do nut meet here to study chemistry; I conceive that we 
meet here for the purpose of considering what this wondrous ac¬ 
tivity in our science mean?, what is the use of it, and, true to 
our object as embodied in the name of this Association, to con¬ 
sider what we can do to promote the Advancement of Science. 
I propose to lay before you some facts bearing on each of these 
questions, and to submit to you some considerations respecting 
them. 

In order to ascertain tbe meaning of the work winch has been 
going on in chemistry, it will, I think, be desirable for us to 
consider the leading ideas which have been in the minds of 
chemists, and which guide their operations. 

Now, since the father of modern chemistry, the great Dalton, 
gave to chemists a firm hold of the idea of Atoms, their labours 
have been continually guided by that fundamental idea, and have 
confirmed it by a knowledge of mo*e and more fa^ts, while at 
the same time steadily adding to our knowledge of the properties 
of atoms, livery chemist who is invest faring a ne -v compound 
takes for granted that it must consist of a great number of t. tom- 
clusttrs (tailed by him molecules), all of them alike, and each 
moleeu e consisting of a certain number of a'oms of at least two 
kinds. One of his first endeavours is to ascertain how many 
atoms of each kind there are in each molecule of the compound. 
I must not attempt to describe to )ou the varum* kinds of expe¬ 
riment which lie peif rmsfor the purpose of getting this informa¬ 
tion, how each expet iment is carritd out with the aid of delicate 
instruments and ingenious contrivances found by long experience 
to enable him to obtain the most trustworthy and accurate re¬ 
sults ; but I want to draw your attention to the reasoning by 
which he judges of the value of suen experiments when they 
agree among themselves, and to the meaning which he attaches 
to their result. 

If the result of his experiments does not nearly agree with any 
atomic formula (that is, if no conceivable clus’er of atoms of the 
kinds known to be in the compound would on analysis give such 
results as those obtained), the chemist feels sure that bis experi¬ 
ments must have been faulty: either the sample of substance 
which he worked upon contained foreign matter, or his analyses 
were not made with due care. He sets to work again, and goes 
on till he arrives at a result which is consistent w.th his know¬ 
ledge of the combining-properties of atoms. It is hardly neces¬ 
sary to say that even the best experiment is liable to error, and 
that even a result obtained with the utmost care cannot be ex¬ 
pected to afford more than an approximation to the truth. 
Every good analysis of a pure compound leads to results which 
approximate to those required by the’Atomic Theory ' and che¬ 
mists trust so thoroughly to the truth of that guide, that they 
correct the results of such analysis by the aid of it. 

The chemical idea of atomi serves for two purposes :— 

1. It gives a clear and consistent explanation of an immense 
number of facts discovered by experiment, and enables us to 
compare them with one another and to classify them. 

2. It leads to the anticipation of new facts, by suggesting new 
compounds which may be made; at the same time it teaches us 
that no compounds can exist with their constituents in any other 


than atomic proportions, and that experiments which may imply 
the existence of any such compound are faulty. 

We have the testimony of the great Berzelius to the flood of 
light which the idea of atoms at once threw on the facts respect¬ 
ing combining proportions which had been accumulated before 
it was made known ; and from that time forward its value has 
rapidly increased as each succeeding year augmented the num¬ 
ber of facts which it explained. 

Allow me at this point of my narrative to pause for a moment 
in order to pay a tribute of respect and gratitude to the memory 
of one who has recently passed from among us, and who in the 
time of his full activity was a leader of the discoveries of new 
facts in the most difficult part of our science. Liebig has been 
generally known in this country through his writings on agricul¬ 
tural chemistry, through his justly popular letters on chemistry, 
and other writings, by means of which his brilliant intellect and 
ardent imagination stimulated men to think and to work. Among 
chemists he was famed for his numerous discoveries of new or¬ 
ganic compounds, and their investigation by the aid of improved 
methods ; but I believe that the greatest service which his genius 
rendered to science was the establishment of the chemical school 
of Giessen, the prototype of the numerous chemical schools for 
which Germany is now so justly celebrated. I think it is not 
too much to say that the Giessen laboratory, as it existed some 
thirty years ago, was the most efficient organisation for the pro¬ 
motion of chemistry which had ever existed. 

Pictuie to yourselves a little community of which each member 
was fired with enthusiasm for learning by the genius of the great 
master, and of which the best energies were concentrated on the 
one object of experimental investigation. 

The students were for the most part men who had gone through 
a full curriculum of ordinary studies at some other .University, 
and who were attracted from various parts of the world by the 
fame of this school of research. 

Most of the leading workers of the next generation were pupils 
of Liebig ; and many of them have established similar schools of 
research. 

We must not, however, overlook the fact that Lieb’g^s genius 
and enthusiasm would have been powerless in doing this admir¬ 
able work, had not the rulers of his Grand-Duchy been enligh¬ 
tened enough to know that it was their duty to supply him with 
the material aids requisite for its successful accomplishment. 

Numberless new compdunds have been discovered under 
the guidance of the idea of atoms; and in proportion as our 
knowledge of substances and of their properties became more 
extensive, and our view of their chancteristics more accurate and 
general, were we able to perceive the outlines of their natural 
arrangement, and to recognise the distinctive characteristics of 
various classes of substances. I wibli I could have the pleasure 
of describing to you the origin and nature of some of these ad- 
mi rab e discover its, such as homologous series, types, radicals, 
&c. ; but it is more to our put pose to con-ider the effect which 
they had upon the idea of atoms, an idea wirich, still in its in¬ 
fancy, was p'unged into the intellectual turmoil ari-ing from a 
varie-y of novel and orignal theories sugge.-ted rvj-pec lively by 
independent workers as best sui ed for the expl nation ol the 
partnu'ar phenomena to which their attention was mainly 
directed. 

Each of the*e workers was inclined to attach quite sufficient 
importance to his own new idea, and to sacrifice for its sake any 
other one capable of interfering with its due development. 

The father of the atomic theory was no more ; and the little 
infant had no chance of life, unless from its own sterling merits 
it were found useful in the work still going on. 

What then was the result ? Did it perish like an ephemeral 
creation of human fancy ? or did it survive and gain strength by 
the inquiries of those who questioned Nature and knew how to 
read her answers ? 

Although snticipating my answer to these questions, you will 
probably be sui prised to hear .the actual result which I have to 
record, a result so wonderful that the more I think of it the more 
I marvel at it. Not only did these various theories contain 
nothing at variance with the atomic theory ; they were found to 
be natural and necessary developments of it, and to serve for 
its application to a variety of phenomena which were unknown 
to its founder. 

Among the improvements of our knowledge of atoms which 
have taken place, I ought to mention tbe better evaluations ot 
tbe relative weight of atoms of different kinds, which have been 
made since Dalton’s time. More accurate experiments than 
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those which were then on record have shown us that certain 
atoms are a little heavier or lighter than was then believed, and 
the work of perfecting our observations is constantly going on 
with the aid of better instruments and methods-of operation. 
But, apart from, these special corrections, a more sweeping 
change has taken place, not in consequence of more accurate 
experiments interpreted in the usual way, but in consequence of 
a more comprehensive view of the best experimental results 
which had been obtained, and a more consistent interpretation 
of them. Thus the atomic weight of carbon had been fixed at 6 
by Dumas’s admirable experiments ; and it was quite conceivable 
that a still more perfect determination might siightly increase or 
diminish this number. But those who introduced'the more 
sweeping change asserted in substance that two of these sup¬ 
posed atoms, whatever may be the precise weight of each, always 
are together and never separate from one another ; and they 
accordingly applied the term atom to that indivisible mass of 
cirbon weighing twice as much as a carbon atom had l cen sup¬ 
posed to weigh. So also with regard to other elements, it has 
been shown that many atoms are really twice as heavy as had 
been supposed, according to the original interpretation of the 
best experiments. This change was brought about by what I 
may be permitted to call the operation of stock-taking. Dalton 
first took stock of our quantitative facts in a bus’ness-like manner ; 
but the amount and variety of our chemic.il stock increased so 
enormously after his time, that the second stock-taking absorbed 
the labours of several me 1 for a good many years. They were 
men of different countries and very various turns of mind ; but, 
as I mentioned just now, they found no other fundamental idea 
to work with than Dalton’s ; and the result of their labours has 
been to confirm the truth of that idea ar.d to extend greatly its 
application. 

One cf the results of our endeavours to clas ify substances ac¬ 
cording to their natural resemblances has_been the discovery of 
distinct family relationships among atoms, each family being 
distinguished by definite characteristics. Now among the pro¬ 
perties which thus characterise particular families of atoms, 
there is one of « hich the knowledge gradually worked out by the 
labours of an immense number of investigators must be admitted 
to constitute one of the most important additions ever made to 
our knowledge of these little masses, 

1 will endeavour to explain it to you by a simple example. 
An atom of chlorine is able to combine with one atom of hydro¬ 
gen or cne atom of potassium ; but it cannot combine with two 
atoms. An atom of oxygen, on the other hand, can combine 
with two atoms of hydrogen or with two atoms of potassium, or 
with cne atom of hydrogen and one of potassium ; but we can¬ 
not get it in combination with one atom of hydrogen or of potas¬ 
sium solely. 

Again, an a'om of nitrogen is known in combination with 
thice atoms of hydrogen; while an atom of carbon combines 
with four of hydrogen. Other atoms are classified, from their 
resemblance to these respectively, as Monads, Dyads, Triads, 
Tetrads, &c. 

The combining value which we thus recognise in the atoms of 
these several classes has led us naturally to a consideration of 
the order in which atoms are arranged in a molecule. Thus, in 
the compound of oxygen with hydrogen and potassium, each of 
these latter atoms is directly combined with the oxygen, and the 
atom of oxygen serves as a connecting link between them. Hy¬ 
drogen and potassium have never been found capable of uniting 
directly with one another; but when both combined with one 
atom of oxygen they are in what may be called indirect com¬ 
bination with one another through the medium of that oxygen. 

One of the great difficulties of chemistry some few years ago 
was to explain the constitution of isomeric compounds, those 
compounds whose molecules contain atoms of like kinds and in 
equal numbers, but which differ from one another in their pro¬ 
perties. Thus a molecule of common ether contains four atoms 
of carbon, ten atoms of hydrogen, and one of oxygen; Butylic 
alcohol, a very different substance, has prec'sciy the same cora- 
poiition. We now know that in the former the atom of oxygen 
is in the middle of a chain of carbon atoms, whereas in the latter 
it is at one end of that chain. You might fancy it impossible 
to decide upon anything like consistent evidence such questions 
as this; but I can assure you that the atomic theory, as now- 
used by chemists, leads frequently to conclusions of this kind, 
which are confirmed by independent observers, and command 
general assent. That these conclusions are, as far as they go, 
true descriptions of natural phenomena is shown by the fact that 


each of them serves in its turn as a stepping-stone to further 
discoveries. 

One other.extension of our knowledge of atoms I must briefly 
mention, one which has as yet received but little attention, yet 
which will, I venture to think, be found serviceable in the study 
of the forces which bring about chemical change. 

The original view of the constitution of molecules was statical; 
and chemists only took cognizance of those changes of place 
among their atoms which result in the disappearance of the 
molecules employed, and the appearance of new moleclules 
formed by their reaction on one another. Thus, when a solu¬ 
tion ot common salt (sodic chloride) is mixed with a solution of 
silver nitrate, it is well-known that the metallic atoms in these 
respective compounds change places with one another, forming 
silver chloride and sodic nitrate; for the silver chloride soon 
settles to the bottom of the solution in the form of an insoluble 
powder, while the other product remains dissolved in the liquid. 
But as long as the solution of salt remained undecomposed, each 
little molecule in it was supposed to le chemically at rest. A 
particular atom of sodium which was combined with an atom of 
chlorine was supposed to remain steadily fixed to it. When 
this inactive solution was mixed with the similarly inactive solu¬ 
tion of silrer nitrate, the interchange of atoms known to take 
place between their respective molecules was nominally ex¬ 
plained by the force of predisposing affinity. It was, in fact, 
supposed that the properties of the new compounds existed and 
produced effects before the compounds themselves had been 
formed. 

I had occasion to point out a good many years ago that mole¬ 
cules which appear to be chemically at rest are acting on one 
another, when in suitable conditions, in the same kind of way as 
those which are manifestly in a state of chemical change—that 
for instance, the molecules of liquid sodic chloride exchange 
sodium atoms with one another, forming new molecules of the 
srme compound undistinguishable from the first, so that, in an 
aggregate of like molecules, the apparent atomic rest is the result 
of the interchange of like atoms between contiguous molecules. 
Such exchanges of atoms take place not only between mole¬ 
cules of Identical composition, hut also between contiguous 
molecules containing different elements. For instance, in a 
mixture of sodic chloride and potassic iodide an interchange of 
metallic atoms takes place, forming potassic chloride and sodic 
iodide. The result of the exchange in such a case is to form a 
couple of new molecules different from the original couple. But 
these products are subject to the same general law of atomic 
changes, and their action on one another reproduces a couple of 
molecules of the materials. 

Thus a liquid mixture formed from two compounds contains 
molecules of four kinds, which we may describe as the two 
materials and the two products. The materials are reacting on 
one another, forming the products ; and these products are, in 
their turn, reacting on one another, reproducing the materials. 

If one of the products of atomic exchange between two mole¬ 
cules is a solid while the other remains liquid (as when sodic 
chloride is mixed with silver nitrate), or if one is gaseous while 
the other remains liquid, so that the molecules of the one kind 
cannot react on those of the other kind and reproduce the mate¬ 
rials, then the continued reaction of the materials on one another 
leads to their complete mutual decomposition. Such complete 
mutual decomposition of two salts takes place whenever they 
react on one another under such conditions that the products 
cannot react on cne another and reproduce the materials; whereas 
partial decomposition takes place whenever the materials form a 
homogeneous mixture with the products. 

Now, if in any such homogeneous mixture more exchanges of 
atoms take place between the materials than between the pro¬ 
ducts, the number of molecules of the products is increased, 
because more of tirem are being made than unmade ; and reci¬ 
procally, if more exchanges ol atoms take place between the 
products than between the materials, the number of molecules 
of the materials is increased. The mixture remains of constant 
Composition when there are in the unit of time as many decom¬ 
posing changes as reproducing changes. 

Suppose that we were to determine by experiment the propor¬ 
tion between the number of molecules of the materials, and the 
number of mohcules of the products, in a mixture the compo- 
si ion of which remains constant, and that we found, for instance, 
twice as many cf materials as of products ; what would this 
mean? Why, if every two couples of materials only effect in 
the unit of time as many exchanges as every one couple of pro- 
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ducts, every couple of materials is only • exchanging half as fast 
as every couple of products. 

In fact you perceive that a determination of the proportion in 
which the substances are present in such a mixture will give us 
a measure of the relative velocities of those particular atomic 
motions ; and we may thus express our result: —The force of 
chemical combination is inversely proportional to the number of 
atomic interchanges. 

I cannot quit this part of our subject without alluding to the 
fact that some few chemists, of such eminence as to be entitled to 
the most respectful attention, have of late years expressed an 
opinion that the idea of atoms is not necessary for the explana¬ 
tion of the changes in the chemical constitution of matter, and 
have sought as far as possible to exclude from their language any 
allusion to atoms. 

It would be out of place on this occasion to enter into any 
discussion of the questions thus raised ; but I think it right to 
point out — 

I. That these objectors have not shown 11s any inconsistency 
in the atomic theory, nor in the conclusions to which it leads. 

II. That neither these nor any other philosophers have been 
able to explain the facts of chemistry on the assumption that 
there are no atoms, but that matter is infinitely divisible. 

III. That when they interpret their analyses, these chemists 
allow themselves neither more nor less latitude than the atomic 
theory allows ; in fact, they are unconsciously guided by it. 

These facts need no comment from me. 

Our science grows by the acquisition of new facts which have 
an intelligible place among our ideas of the order of nature ; but 
in proportion as more and more facts are arranged before us in 
their natural order, in proportion as our view of the order of 
nature becomes clearer and broader, we are able to observe and 
describe that order more fully and more accurately—in fact, to 
improve our ideas of the order of nature. These more extensive 
and more accurate ideas suggest new observations, and lead to 
the discovery of truths which would have found no place in the 
narrower and less accurate system. Take away from Chemistry 
the ideas which connect and explain the multifarious facts ob¬ 
served, and it is no longer a science ; it is nothing more than a 
confused and useless heap of materials. 

The answer to our question respecting the meaning of the 
earnest work which is going on in our science must, 1 think, 
now be plain to you. Chemists are examining the combining 
properties of atoms, and getting clear ideas of the c institution 
of matter. 

Admitting, then, for the present, that such is the meaning of 
chemxal work, we have to consider the more important question 
of its use; and I tiiink you will agree with me that, in order to 
judge soundly whether and in what manner such a pursuit is 
useful, we have to consider its effect upon Man. What habits 
of mind does it engender? What powers does it develop? 
Does it develop good and noble qualities and aspirations, and 
tend to make men more able and more anxious to do good to 
their fellow-men? Or is it a mere idle amusement, bearing no 
permanent fruits of improvement ? 

You will, I think, answer these questions yourselves if I can 
succeed in describing to you some of the chief qualities which 
experience has shown to be requisite for the successful pursuit of 
Chemistry, and which are necessarily cultivated by those who 
qualify themselves for such a career. 

One of the first requirements on the part of an investigator is 
accuracy in observing the phenomena with which he deals. lie 
must not only see the precise particulars of a process as they 
present themselves to his observation ; he must also observe the 
order in which these particu'ar appearances present themselves 
under the conditions of each experiment. No less essential is 
accuracy of memory. An experimental inquirer must remember 
accurately a number of facts ; and he needs to remember their 
mutual relations, so that one of them when present to his mind 
may recall those others which ought to be considered with it. In 
fact, he cultivates the habit of remembering facts mainly by their 
place in nature. Accuracy in manual operations is required in 
all experimental inquiries ; and many of them afford scope for 
very considerable skill and dexterity. 

These elementary qualities are well-known to be requisite for 
success in experimental science, and to be developed by carehtl 
practice of its methods ; but some higher qualities are quite as 
necessary as these in ail but the most rudimentary manipulations, 
and are developed in a remarkable degree by the higher work of 
science. 


Thus it is of importance to notice that a singularly good 
training in the accurate use of words is afforded by experimental 
chemistry. Everyone who is about to enter on an inquiry, 
whether he be a first-year’s student who wants to find the con¬ 
stituents of a common salt, or whether he be the most skilled and 
experienced of chemists, seeks beforehand to get such information 
from the records of previous observations as may be most useful 
for his purpose. This information he obtains through the 
medium of words ; and any failure on his part to understand the 
precise meaning of the words conveying the information requisite 
for his guidance is liable to lead him astray. Those elementary 
exercises in analytical chemistry, in which brief directions to the 
students alternate with their experiments and their reports of 
experiments made and conclusions drawn, afford a singularly 
effective training in the habit of attending accurately to the 
meaning of words used by others, and of selecting words capable 
of conveying without ambiguity the precise meaning intended. 
Any inaccuracy in the student’s apprehension of the directions 
given, or in the selection of words to describe his observations 
and conclusions, is at once detected when the result to which 
he ought to have arrived is known beforehand to the teacher. 

Accuracy of reasoning is no less effectively promoted by the 
work of experimental chemistry. It is no small facility to us 
that the meaning of the words which we use to denote proper¬ 
ties of matter and operations can be learnt by actual observation. 
Moreover eacii proposition comprised in chemical reasonings 
conveys some distinct statement susceptible of verification by 
similar means ; and the validity of each conclusion can be tested, 
not only by examining whether or not it follows of necessity from 
true premisses, but also by subjecting it to the independent test 
of special experiment. 

Chemists have frequent occasion to employ arguments which 
indicate a probability of some truth ; and the anticipations based 
upon them serve as guides to experimental inquiry by selecting 
crucial tests. Hut they distinguish most carefully sucli hypotheses 
from demonstrated facts. 

Thus a pale green solution, stated to contain a pure metallic 
salt, is found to possess some properties which belong to salts of 
Iron. Nothing else possesses these properties except salts of 
Nickel; and they manifest a slight difference from Iron salts in 
one of the properties observed. 

The analyst could not see any appearance of that peculiarity 
which distinguishes Nickel salts; so he concludes that he has 
probably got iron in his solution, but almost certainly either Iron 
or Nickel. lie then makes an experiment which will, he knows, 
give an entirely different result with Iron salts and Nickel salts ; 
and he gets very distinctly the result which indicates Iron. 

Having found in the green liquid properties which the presence 
of Iron could alone impart, he considers it highly probable that 
Iron is present. I!ut he does not stop there ; for, although the 
facts before him seem to admit of no other interpretation, he 
knows that, from insufficient knowledge or attention, mistakes 
are sometimes made in very simple matters. The analyst there¬ 
fore tries as many other experiments as are known to distinguish 
Iron salts from all others ; and if any one of these leads distinctly 
to a result at variance with his provisional conclusion, lie goes 
over the whole inquiry again, In order to find where his mistake 
was. Such inquiries arc- practised largely by students of che¬ 
mistry, in order to fix in their minds, by frequent use, a knowledge 
of the fundamental properties of the common elements, in order 
to learn by practice the art of making experiments, and, above 
all, in order to acquire the habit of judging accurately of evidence 
in natural phenomena. Such a student is often surprised at 
being told that it is not enough for him to conduct his experi¬ 
ments to such a point that every conclusion except one is con¬ 
trary to the evidence before him—that he must then try every 
confirmatory test which he can of the substance believed to be 
present, and ascertain that the sample in his han Is agrees, as far 
as he can see, in all properties of the known substance of which 
he believes it to be a specimen. 

Tiiose who tread the path of original inqu’ry, and add to 
human knowledge by their experiments, are bound to practise 
this habit with the most scrupulous fidelity and care, or many 
and grave will be the mistakes they will make._ 

Thus a chemist thinks it probable tha' he might prepare some 
well-known organic body of the aromatic family by a new process, 
lie sets to work and obtains a substance agreeing in appearance, 
in empirical composition, in molecular weight, and in mary 
other properties with the compound which he has in view. I to 
is, however, not satisfied that his product is a sample of that 
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compound until he has examined carefully whether it possesses 
all the properties which are known to belong to the substance in 
question. And many a time is his caution rewarded by the 
discovery of some distinct difference of melting-point, or of 
crystalline form, &c., which proves that he has made a new 
compound isomeric with the one which he expected to make. 
It seemed probable, from the agreement of the two substances 
in many particulars, that they might be found to agree in all, 
and might be considered to be the same compound ; but com¬ 
plete proof of that conclusion consists in showing that the new 
substance agrees with all that we know of the old one. 

Ia the most various ways chemists seek to extend their know¬ 
ledge of the uniformity of nature ; and their reasonings by ana¬ 
logy from particulars to particulars suggest the working hypo¬ 
theses which lead to new observations. Before, however, 
proceeding to test the truth of his hypothesis by experiment, the 
chemist passes in review, as well as he can, all the general know¬ 
ledge winch has any bearing on it, in order to find agreement or 
disagreement between his hypothesis and the ideas established 
by past experience. Sometimes he sees that his hypothesis is at 
variance with some general law in which he has full confidence, 
and he throws it aside as disproved by that law. On other 
occasions he finds that it follows of necessity from some known 
law, and he then proceeds to verify it by experiment, with a con¬ 
fident anticipation of the result. In many cases the hypothesis 
does not present sufficiently distinct agreement or disagreement 
with the ideas established by previous investigations to justify 
eid er the rejection of it or a confident belief in its truth ; for it 
of.en happens that the results of expeiience of similar pheno¬ 
mena are not embodied in a sufficiently definite or trustworthy 
*t»ten.cnt to have any other effect than that of giving proba¬ 
bility or the contrary to the hypothesis. 

Another habit of mind which is indispensable for success in 
experimental chemistry, and which is taught by the practice of its 
various operations, is that of truthfulness. 

The very object of all our endeavours is to get true ideas of 
the natural processes of chemical action; for in proportion as 
our ideas are true do they give us the pcw* r of directing these 
I rocesses. In fact, our ideas are useful only so far as they are 
tiue ; and he must indeed be blind to interest and to duty who 
could wish to swerve from the path of truth. But if anyone 
weie weak enough to make the attempt, he would find his way 
b„rred by innumerable obstacles. 

Every addition to our science is a matter of immediate interest 
and importance to those who are working in the same direction. 
They verify in vaiious ways the statements of the first discoverer, 
and seldom fad to notice further particulars, and to correct any 
litile trrors of detail into which he may have fallen. They soon 
make it a stepping-stone to further discoveries. Anything like 
wilful misrepresentation is inevitably detected and made known. 

It mu't not, however, be supposed that the investigator drifts 
unconsciously it*to the habit of truthfulness for want of tempta¬ 
tion to be untruthful, or even that error presents itself to his 
mind in a grotesque and repulsive garb, so as to enlist from the 
first his feelings against it; for I can assure you that the precise 
contrary of these things happens. Error comes before him 
usually in the very garb of truth, and his utmost skill and atten¬ 
tion are needed to decide whether or not it is entitled to retain 
that garb. 

You will essily see how this happens if you reflect that each 
woiking hypothesis employed by an investigator is an unproven 
proposition, which bears such resemblance to truth as to give 
rise to hopes that it may really be true. The investigator trusts 
it provisionally to the extent of trying one or more experiments, 
of which it claims to predict the specific result. Even though 
it guide him correctly for a while, he considers it still on trial 
null it has been tested by every process which ingenuity can 
su. uesc for the purpose of detecting a fault. 

Most errors which an experimentalist has to do with are really 
impelicct truths, which have done good service in their time by 
pi.id ng the course of discovery. The great object of scientific 
w.uk is to replace these imperfect truths by more exact and 
ci mj.rchensive statements of the order of nature. 

Whoever has once got knowledge from Nature herself by 
truthful reasoning and experiment, must be dull indeed if lie 
does not feel that he has acquired a new and noble power, and 
it he does not long to exercise it further, and make new con¬ 
quests from the realm of darkness by the aid of known truths. 

The habit of systematically searching for truth by the aid of 
known truths, and of testing the validity of each step by con¬ 


stant reference to Nature, has now been practised for a suffi¬ 
ciently long time to enable us to judge of some of its results. 

Every true idea of the order of Nature is an instrument of 
thought. It can only be obtained by truthful investigation ; and 
it can only be used effectively in obedience to the same laws. 
But the first idea which is formed of anything occurring in nature 
affords only a partial representation of the actual reality, by re¬ 
cording what is seen of it from a particular point of view. By 
examining a thing from different points of view we get different 
ideas of it; and when we compare these ideas accurately with 
one another, recollecting bow each one was obtained, we find 
that they really supplement each other. 

We try to form in our minds a distinct image of a thing capa¬ 
ble of producing these various appearances ; and when we have 
succeeded in doing so, we look at it from the different points of 
view from which the natural object has been examined, and find 
that the ideas so obtained meet at the central image. It usually 
happens that an accurate examination of the mutual bearings of 
these ideas on a central image suggests additions to them and 
correction of some particulars in them. 

Thus it is that true ideas of a natural phenomenon confirm 
and strengthen one another ; and he who aids directly the deve¬ 
lopment of one of them is sure to promote indirectly the con¬ 
solidation of others. 

Each onward step in the search for truth has made us stronger 
for the work ; and when we look back upon what has been done 
by the efforts of so many workers simply but steadily d beet ed by 
truth towards further truth, we see that they have achieved, for 
the benefit of the human race, the conquest of a systematic body 
of truths which encourages men to similar efforts while affording 
them the most effectual aid and guidance. 

This lesson of the inherent vitality of truth, which is taught 
us so clearly by the history of our science, is well worthy of the 
consideration of those who, seeing that iniquity and falsehood so 
frequently triumph for a while in the struggle for existence, are 
inclined to take a desponding view of human affairs, and almost 
to despair of the ultimate predominance of truth and goodness. 
I believe it would be impossible at the present time to form an 
adequate idea of the vast consequences which will follow from 
the national adoption of systematic measures for allowing our 
knowledge of truth to develop itself freely, through the labours 
of those who are willing and able to devote themselves to its ser¬ 
vice, so as to strengthen more and more the belief and trust of 
mankind in its guidance, in small matters as well as in the highest 
and most important considerations, 

I am desirous of describing briefly the more important of 
those measures ; but first let me mention another habit of mind 
which naturally'follows from the effective pursuit of truth—a 
habit which might be described in general terms as the applica¬ 
tion to other matters of the truthfulness imparted by science. 

The words which the great German poet put into the mouth 
of Mephistopheles when describing.himself to Faust atford per¬ 
haps the most concise and forcible statement of what we may call 
the anti-scientific spirit:— 

Ich bin tier Geist der stets verneint, 

Denx alles, was entsteht, zuwider ist. 

The true spirit of science is certainly affirmative, not negative ; 
for, as I mentioned just now, its history teaches us that the de¬ 
velopment of our knowledge usually takes place through two or 
more simultaneous ideas of the same phenomenon, quite 
different from one another, both of which ultimately prove to 
be parts of some more general truth; so that a confident belief 
in one of those ideas dues not involve or justify a denial of the 
others. 

I could give you many remarkable illustrations of this law 
from among ideas familiar to chemists. But I want you to con¬ 
sider with me its bearing on the habit of mind called toleration, 
of which the development in modem times is perhaps one of the 
most hopeful indications of moral improvement in man. 

In working at our science we simply try to find out what is 
true ; for although no usefulness is to be found at first in most of 
our results, we know well that every extension of our knowledge 
of truth is sure to prove useful in manifold ways. So regular an 
attendant is usefulness upon truth in our work, that we get ac¬ 
customed to expect them always to go together, and to believe 
that there must be some amount of truth wherever there is mani¬ 
fest usefulness. 

The history of human ideas, so far as it is written in the re¬ 
cords of the progress of science, abounds with instances of men 
contributing powerfully to the development of important general 
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ideas, by their accurate and conscientious experiments, while at 
the same time professing an actual disbelief in those ideas. 
Those records must indeed have been a dead letter to any who 
could stand carping at the intellectual crotchets of a good and 
honest worker, instead of giving him all brotherly help in the 
furtherance of his work. 

To one who knows the particulars of our science thoroughly, 
and who knows also what a variety of ideas have been resorted 
to in working out the whole body of truths of which the science 
is composed, there are few more impressive and elevating sub¬ 
jects of contemplation than the unity in the clear and bold out¬ 
line of that noble structure. 

I hope that you will not suppose, from my references to 
chemistry as promoting the development of these habits and 
powers of mind, that I wish to claim for that particular branch 
of science any exclusive merit of the kind ; for I can assure you 
that nothing can be further from my intention. 

I conceived that you would wish me to speak of that depart¬ 
ment of science which X have had occasion to study more par¬ 
ticularly; but much that I have said of it might be said with 
equal truth of other studies, while some of its merits may be 
claimed in a higher degree by other branches of science. * On 
the ether hand, those highest lessons which I have illustrated by 
chemistry are best learnt by those whose intellectual horizon in¬ 
cludes other provinces of knowledge. 

Chemistry presents peculiar advantagesfor educational purposes 
in the combination of breadth and accuracy in the training which 
it affords; and I am inclined to think that in this respect it is at 
present unequalled. There is reason to believe that it will play 
an important part in general education, and render valuable 
services to it in conjunction with other scientific and with literary 
studies. 

I trust that the facts which I have submitted to your consi¬ 
deration may suffice to show you how fallacious is that mate¬ 
rialistic idea of physical science which represents it as leading 
away from the.study of man’s noblest faculties, and from a 
sympathy with his most elevated aspirations, towards mere inani¬ 
mate matter. The material work of science is directed by ideas 
towards the attainment of further ideas. Eieh step in science 
is an addition to our ideas, or an improvement of them. A 
science is but a body of ideas respecting the order of nature. 

Each idea which forms part of physical science has been 
derived from observation of nature, and has been tested again 
and again in the most various ways by reference to nature ; but 
this very soundness of our materials enables us to raise upon the 
rock of truth a loftier structure of ideis than could be erected on 
any other foundation by the aid of uncertain materials. 

The study of science is the study of man’s most accurate and 
perfect intellectual labours ; and he who would know the powers 
of the human mind must go to science for his materials. 

Like other powers of the mind, the imagination is powerfully 
exercised, and at the same time disciplined, by scientific work. 
Every investigator has frequent occasion to call forth in his mind 
a distinct image of something in nature which could produce the 
appearances which he witnesses, or to frame a proposition em¬ 
bodying some observed relation ; and in each case the image or 
the proposition is required to be true to the materials from which 
it is formed. There is perhaps no more'perfect elementary il¬ 
lustration of the accurate and useful employment of the ima¬ 
gination than the process of forming in the language of symbols, 
from concrete data, one of those admirable general propositions 
called equations; on the other hand, the contemplation of the 
order and harmony of nature as disclosed to us by science 
supplies the imagination with materials of surpassing grandeur 
and brilliancy, while at the same time affording the widest scope 
for its effects. 

The foregoing considerations respecting the meaning and use 
of scientific work will, I trust, afford us aid in considering what 
measures ought to be taken in order to promote its advancement, 
and what we can do to further the adoption of such measures. 

Like any other natural phenomenon, 1 the growth of knowledge 
in the human mind is favoured and promoted by certain circum¬ 
stances, impeded or arrested by others ; and it is for us to ascer¬ 
tain from experience what those circumstances respectively are, 
and how the favourable ones can be best combined to the 
exclusion of the others. 

The best and noblest things in this world are the result of 
gradual growth by the free action of natural forces; and the 
proper function of legislation is to systematise the conditions 
most favourable to the free action which is desired. 

I shall consider the words “Advancement of Science” as 
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referring to the development and extension of our systematic 
knowledge of natural phenomena by investigation and research. 

The first thing wanted for the work of advancing science is a 
supply of well qualified workers.. The second thing is to place 
and keep them under the conditions most favourable to their 
efficient activity. The most suitable men must be found while 
still young, and trained to the work. Now I know only one 
really effectual way of finding the youths who are best en¬ 
dowed by nature for the purpose ; and that is to systematise and 
develop the natural conditions which accidentally concur in par¬ 
ticular cases, and enable youths to rise from the crowd. 

The first of these is that a young min gets a desire for know¬ 
ledge by seeing the value and beauty of some which he has 
acquired. When he has got this desire, he exerts himself to in¬ 
crease his store ; and every difficulty surmounted increases his 
love of the pursuit, and strengthens his determination to go on. 
Ilis exertions are seen by some more experienced man, who help; 
him to place himself under circumstances favourable to further 
progress. He then has opportunities of seeing original inquiries 
conducted, perhaps even of aiding in them ; and he longs to 
prove that he also can work out new truths, and make some 
permanent addition to human knowledge. If his circumstances 
enable him to prosecute such Work, and he succeeds in making 
some new observations worthy of publication, he is at once 
known by them to the community of scientific men, and em¬ 
ployed among them. 

We want, then, a system which shall give to the young favour¬ 
able opportunities of acquiring a clear and, as far as it goes, a 
thorough knowledge of some few truths of nature such as they 
can understand and enjoy—which shall afford opportunity of 
further and further instruction to those who have best profited 
by that which has been given to them, and are anxious to obtain 
more—which shall enable the best students to see what original 
investigation is, and, if possible, to assist in carrying out some 
research—and, finally, which shall supply to each student who 
lias the power and the will to conduct researches, all material 
conditions which are requisite for the purpose. 

But investigators, once found, ought to he placed in the cir¬ 
cumstances most favourable to their efficient activity. 

The first and most fundamental condition for this is, that their 
desire for the acquisition of knowledge be kept alive and fos¬ 
tered. They mud not merely retain the hold which they have 
acquired on the general body of their science ; they ought to 
strengthen and ex'end that hold, by acquiring a more complete 
and accurate knowledge of its doctrine: and methods ; in a 
word, they ought to be more thorough students than during their 
state of preliminary training. 

They must be able to live by their work, without diver.ing 
any of their energies to other pursuits; and they must feel 
security against want in the event of illness or old age. 

They must be supplied with intelligent and trained assistants 
to aid in the conduct of their researches, and whatever building:, 
apparatus, and materials may be required for conducting those 
researches effectively. 

The desired system must therefore provide arrangements 
favourable to the maintenance and development of the true 
student-spirit in investigators while providing them with perma¬ 
nent means of subsistence, sufficient to enable them to feel 
secure and tranquil in working at science alone, yet not sufficient 
to neutralise their motives for exertion ; and at the same time it 
must give them all external aids, in proportion to their wants 
and powers of making good use of them. 

Now I propose to describe the outlines of such a system, 
framed for the sole parpese of promoting research, and then to 
consider what other results would follow from its working. 

If it should appear possible to establish a system for the effi¬ 
cient advancement of science, which would be productive of 
direct good to the community in other important ways, I think 
you wall agree with me that we ought to do all we can to pro¬ 
mote its adoption. 

Let the most intelligent and studious children from every pri¬ 
mary school be sent, free of expense, to the most accessible 
secondary school for one year ; let the best of these be selected 
and allowed to continue for a second year, and so on, until the 
elite of them have learnt all that is to be there learnt to advan¬ 
tage. Let the best pupils from the secondary .schools be sent, to 
a college of their own selection, and there subjected to a similar 
process of annual weeding ; and, finally, let those who get satis¬ 
factorily to the end of a college curriculum he supplied with an 
allowance sufficient for their maintenance.for a year, on condi¬ 
tion of their devoting their undivided energies to research, under 
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the inspection of competent college authorities, while allowed 
such aids and facilities as the college can supply, with the addi¬ 
tion of money-grants for special purposes. Let all who do well 
during this first year be allowed similar advantages for a second 
and even a third year. 

Each young investigator thus trained must exert himself to 
obtain some appointment, which may enable him to do the most 
useful and creditable work of which he is capable, while com¬ 
bining the conditions most favourable to his own improvement. 

Let there be in every college as many Professorships and 
A>s : *t ntshirr- in each branch of science as are needed for the 
effluent conduct of the work there going on, and let every 
Professor and Assistant have such salary and such funds for 
apparatus. &c., r.s may enable him to devote all his powers to 
the duties of his post, under conditions favourable to the success 
of those duties ; but let each professor receive also a proportion 
of the fees paid by his pupils, so that it may be his direct interest 
to do his work with the utmost attainable efficiency, and attract 
more pupils. 

Let every college and school be governed by an independent 
body of men, striving to increase its usefulness and reputation, 
by sympathy with the labours of the working staff, by material 
aid to them when needed, and by getting the very best man they 
can, from their own or any other college, to supply each vacancy 
as it arises. 

In addition to colleges, which are and always have been the 
chief institutions for the advancement of learning, establishments 
for the observation of special phenomena are frequently needed, 
and will doubtless be found desirable in aid of a general system 
for the advancement of science. 

Now, if a system fulfilling the conditions which I have thus 
briefly sketched out were once properly established on a suffi¬ 
cient scale, it ought to develop and improve itself by ihe very 
process of its working ; ar.d it behoves us, in judging of the sys¬ 
tem, to consider how such development and improvement would 
come about. 

The thing most needed at the present time for the advance¬ 
ment of science is a supply of teachers devoted to that object— 
men so earnestly striving for more knowledge and better know¬ 
ledge as to be model students, stimulating and encouraging those 
around them by their example as much as by their teaching. 
Young men do not prepare themselves in any numbers for such 
a career:— 

I. Because the chief influences which surround them at school 
and at college are not calculated to awaken in them a desire to 
obtain excellence of such kind. 

II. Because they could not expect by means of such qualities 
to reach a position which would afford a competent subsistence. 

Let these conditions be reversed, to the extent that existing 
teachers have powerful inducements to make their students love 
the study of science for its own sake, with just confidence that 
they will be able to earn a livelihood if they succeed in qualify¬ 
ing themselves to advance science, and the whole thing is 
changed. The first batch of young investigators will be dispersed 
among schools and colleges, according to their powers and ac¬ 
quirements, and will improve their influence upon the pupils, 
and enable them to send up a second batch better trained than 
the first. This improvement will go on increasing, if the natural 
forces which promote it are allowed free play: and the youth of 
each successive generation will have better and more fre¬ 
quent opportunities of awakening to a love of learning, better 
help and guidance in their efforts to acquire and use the glorious 
inheritance of knowledge which had been left them, better and 
more numerous living examples of men devoting their whole lives 
to the extension of the domain of truth, and seeking their highest 
reward in the consciousness that their exertions have benefited 
their fellow-men, and are appreciated by them. 

A young man who is duly qualified for the work of teaching 
the investigation of some particular branch of science, and who 
wishes to devote himself to it, will become a member of an asso¬ 
ciation of men selected for their known devotion to learning, and 
for their ability to teach the methods of investigation in their 
respective subjects. Around this central group is ranged a fre¬ 
quently changing body of youths who trust to them for encourage¬ 
ment and guidance in their respective studies. 

Our young investigator finds it necessary to study again more 
carefully many parts of his subject, and to examine accurately 
the evidence of various conclusions which he had formerly 
adopted, in order that he may be able to lead the minds of his 
pupils by easy and natural yet secure steps to the discovery of 


the.gene al truths which are within their reach. He goes over his 
btauch of science again and again from the foundation upwards 
striving eich time to present its essential particulars more clearly 
and more forcibly, arranging them in the order best calculated to 
stimulate an inquiring mind to reflect upon their meaning, and to 
direct its efforts effectively to the discovery of the general ideas 
which are to be derived from them. He is encouraged m these 
efforts by the sympathy of his colleagues, and often aided by 
suggestions derived from their experience in teaching other 
branches of science, or by information respecting doctrines or 
methods which throw a light upon those of his own subject. 

No known conditions are so well calculated to give a young 
investigator the closest and strongest grasp of his object of which 
he is capable as those in which he is placed while thus earnestly 
teaching it in a college ; and inasmuch as a thorough mastery of 
known truths is needed by everyone who would work to advan¬ 
tage at the discovery of new truths of that kind, it will, in most 
cases, be an object of ambition to the ablest young investigators 
to get an opportunity of going through the work of teaching in 
a college, in order to improve themselves to the utmost for the 
work of original research. There is, however, another advan¬ 
tage to them in having such work to do; for the best way to 
ascertain at any one time what additions may be made to a 
science, is to examine the facts which have been discovered last, 
and to consider how far they confirm and extend the established 
ideas of the science, ho w far they militate against those ideas. 
An investigating teacher is constantly weaving new facts into 
the body of his science, and forming anticipations of new 
truths by considering the relation of these new facts to the old 
ones. 

When our investigator has thus got a thorough mastery of his 
science and new ideas for its extension, he ought to have the 
opportunity of turning his improved powers to account by devot¬ 
ing more of his time to original research ; in fact he ought to 
teach research by example more than hitherto, and less by ele- 
mcmary exercises upon known facts. If he has discharged the 
duties of his first post with manifest efficiency, he will be pro¬ 
moted, either in his own or some other college, to a chair afford¬ 
ing more leisure and facility for original research by his own 
hands and by those of his assistants and pupils. Some investi¬ 
gators may find it desirable to give up after a while all teaching 
of previously published t;uths, and confine themselves to guiding 
the original researches of advanced pupils, while stimulating them 
by the example of their own discoveries. But most of them will 
probably prefer to do elementary teaching work from time to time, 
for the sake of the opportunity of going over the groundwork of 
their science, with a knowledge o t the new facts and enlarged 
ideas recently established. 

Now it must be observed that such a system as the above, once 
developed to its proper proportions, so as to send annually to 
secondary schools many thousands of poor children who would 
otherwise never enjoy such advantages, and so as to train to 
original investigation a corresponding propottion of them, would 
not only provide more young investigators than would be needed 
for systematic teaching functions, but would also give a partial 
training of the same kind to many whose abilities proved to be 
insufficient, or whose tastes were not congenial to such pursuit. 
Some would be tempted by an advantageous opening in an in¬ 
dustrial pursuit or in the public service to break off their studies 
before completion, and others would find, after completing their 
training, a position of that kind more desirable or more attain¬ 
able than a purely scientific appointment. Not only would 
much good of other kinds be accomplished by this circumstance, 
but we may say with confidence, that the system could not 
work with full advantage for its own special purpose of promc- 
ting the advancement of science if it did not diffuse a know¬ 
ledge of the truths and methods of science beyond the circle of 
teachers. 

There is an urgent need of accurate scientific knowledge for 
the direction of manufacturing processes, and there could not be 
a greater mistake than to suppose that such knowledge need not 
go beyond the elementary truths of science. In every branch of 
manufacture improvements are made from time to time, by the 
introduction of new or modified processes which had been dis¬ 
covered by means of investigations as arduous as those conducted 
for purely scientific purposes, and involving as great powers 
and accomplishments on the part of those who conducted 
them. 

Any manufacturer of the present day who does not make effi¬ 
cient arrangements for gradually perfecting and improving his 
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processes ought to mike at once enough money to retire; for so 
many are moving onwards ia this and other countries, that he 
would soon be left behind. 

It would be well worth while to establish such a system of 
scientific education for the sake of training men to the habits of 
mind which are required for tire improvement of the manufactur¬ 
ing arts; and I have no doubt that the expense of working the 
system would be repaid a hundred times over by the increase of 
wealth of the community ; but I only mention this as a secondary 
advantage of national education. 

A system of the kind coaid not expand to due dimensions, nor 
could it, once fully established, maintain itself in full activity, 
without intelligent sympathy from the community ; and accord¬ 
ingly its more active-minded members must be taught some good 
examples of the processes and results of scientific inquiry, before 
they can be expected to take much interest in the results achieved 
by inquirers, and to do their share of the work requisite for the 
success of the system. I need hardly remind you that there are 
plenty of other strong reasons why some such knowledge of the 
truths of nature, and of the means by which they are found 
out, should be diffused as widely as possible throughout the com¬ 
munity. 

You perceive that in such educational system each teacher 
must trust to his own exertions for success and advancement; 
and he will do so if He is sure that his results will be known and 
compared impartially with those attained by others. Each 
governing body must duly maintain the efficiency of their school 
or college, if its support depend in some degree on the evidences 
of that efficiency ; and they will try to improve their school if 
they know that every improvement will be seen and duly ap¬ 
preciated. 

The keystone of the whole structure is the action of the State 
in distributing funds carefully among schools and colleges pro¬ 
portionally to the evidence of their doing good work, which 
could not be continued without such aid. 

I am inclined to think that the State ought, as far as possible, 
to confine its educational grants to the purpose of maintaining 
and continuing good work which is actually being done, and 
rarely if ever to initiate educational experiments : first, because 
it is desirable to encourage.private exertions and donations for 
the establishment of schojls and colleges upon new systems, or 
in new localities, by giving the public full assurance that if nny 
new institution establishes its right to existence, by doing good 
work for a while, it will not be allowed to die off for want of 
support; and, secondly, because the judicial impartiality re¬ 
quired in the administration of public funds, on the basis of 
results of work, is hardly compatible with an advocacy ol any 
particular means ot attaining such results. 

On the other hand, experience has shown that special endow¬ 
ments, which tie up funds, in perpetuity for a definite purpose, 
commonly fad to aitain their object under the altered circum¬ 
stances which spring up in later generations, and not unfrequentiy 
detract from the efficiency of the institutions to which they are 
attached, by being used for objects other than those which it is 
their proper function to promote. 

Wnen there is fell to be a real want of any new institution for 
tits promotion of learning, men are usually willing enough to 
devote time and money to the purpose ol establishing it and 
giving it a fair trial. It is desirable that they should leave the 
State to judge of their experiment by its results, and to maintain 
it or not, according to the evidences of its usefalness. No 
institution ought, for its own sake, to have such permanent 
endowments as might deprive its members of motives for 
exertion. 

The State could not, however, discharge these judicial 
functions without accurate and trustworthy evidence of the 
educational work done at the various schools and of its success. 
For this purpose a record must be kept by or under the direction 
of every teacher of the weekly progress of each pupil, showing 
what he has done and how he has done it. Official inspectors 
would have to see to these records being kept upon a uniform 
scale, so that their results might be comparable. The habit of 
keeping such records conduces powerfully to the efficiency of 
teachers ; and, for the sake of the due development of the 
teaching system, it ought to prevail generally. Haying such 
full and accurate means of knowing what opportunities of im¬ 
provement pupils have enjoyed, and what use they have made 
of those opportunities, Government ought to stimulate their 
exertions and test their progress by periodical examinations. Ic 
is of the utmost importance to allow any new and improved 


system of instruction to develop itselffreely, by the exertions of 
those who are willing to undertake the labour and risk of trying 
it on a practical scale ; and the pupils who acquire upon such 
new system a command of any branch of science, ought to have 
a fair opportunity of showing what they have achieved and how 
they have achieved it. An able and impartial examiner, knowing 
the new systems in use, will encourage each candidate to work 
out his results in the manner in which he has been taught to 
work out results of the kind. 

Examinations thus impartially conducted with a view of 
testing the success of teachers in the work which they are endea¬ 
vouring to do, have a far higher value, and consequent authority, 
than those which are conducted in ignorance or disregard ol the 
process of training to which the candidates have been subjected ; 
and we may safely say that the examination system will not 
attain its full usefulness until it is thus worked in intimate 
connection with a system of teaching. 

In order to give every one employed in the educational 
system the utmost interest in maintaining and increasing his 
efficiency, it is essential that a due measure of publicity be given 
to the chief results of their respective labours. Schools and 
colleges ought, to a considerable extent, to be supported by the 
fees paid by pupils for the instruction received ; and every 
Professor being in part dependent upon the fees of his pupils will 
have a direct interest in attracting more pupils to his classes or 
laboratories. The fame of important original investigations of 
his own or Ills pupils, published in the scientific journals, is one 
of the natural means by which a distinguished Professor attracts 
disciples, and the success of his pupils in after life is another 
His prospects of promotion will depend mainly on the opinion 
formed of his powers from such materials as these by the 
governing bodies of colleges and by the public; for if each 
college is dependent for success upon the efficiency of its 
teaching staff, its governing body must do their best to fill up 
every vacancy as it arises by the appointment of the ablest and 
most successful Professor whom they can get; and any college 
wh.ch does not succeed in obtaining the services of able men 
will soon lose reputation, and fall off in numbers. 

There are, however, further advantages to the working of the 
system to be derived from lull publicity of all its more important 
proceedings. It will supply materials for the formation of a 
sound public opinion respecting the proceedings of the author¬ 
ities in their various spheres of action. A claim for money 
might be made upon Government by the rulers of some college 
upon inadequate grounds ; or a just and proper claim of the kind 
might be disregarded by Government. Neither of these things 
will be likely to happen very often if the applications, together 
with the evidence bearing on them, are open to public scrutiny 
and criticism; and when they do occasionally happen, there 
will be a natural remedy for them. 

If I have succeeded in making clear to you the leading 
principles of the plan to be adopted lor the advancement of 
science, including, as it necessarily must do, national education 
generally, you will, I think, agree with me that, from the very 
magnitude and variety of the interests involved in its action, such 
system must of necessity be under the supreme control of Govern¬ 
ment. Science will never take its proper place among the chief 
elements of national greatness and advancement until it is ac¬ 
knowledged as such by that embodiment of the national will 
which we call the Government. Nor can the various institutions 
for its advancement develop duly their usefulness until the chaos 
in which they are now plunged gives place to such order 
as it is the proper function of Government to establish and 
maintain. 

But government has already taken, and is continuing to take 
action in various matters affecting elementary popular education 
and higher scientific education, and it would be difficult to arrest 
such action, even if it were thought desirable to do s 5. The 
only practical question to be considered is how the action of 
Government can be systematised so as to give free play to the 
natural forces which have to do the work. 

By establishing official examinations for appointments and for 
degrees Government exerts a powerful influence on the teaching 
in schools and colleges, without taking cognizance, except in 
some few cases, of the systems of teaching which prevail in 
them. Again, they give grants of public money from time to 
time in aid of colleges or universities, or for the establishment of 
a high school under their own auspices. Sometimes they endow 
a Professorship. In taking each measure of the kind they are 
doubtless influenced by evidence that it is in itself a good thing, 
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calculated to promote the advancement of learning. But a 
thing which is good in itself may produce evil effects in relation 
to others, or good effects incommensurate with its cost. Thus 
examinations afford most valuable aid to educational work when 
carried on in conjunction with earnest teachers ; yet when esta¬ 
blished in the absence of a good system of education, they are 
liable to give rise to a one-sided training contrived with a special 
view of getting young men through the examinations. If no 
properly educated young men were found for a particular depart¬ 
ment of the public service, and an examination of all candidates 
for such appointments were to be established for the purpose of 
improving the system of training, candidates would consider 
their power of answering such questions as appeared likely to be 
set as the condition of their obtaining the appointments, and 
they w-ould look out for men able and willing to train them to 
that particular work in as direct and effective a manner as pos¬ 
sible. The demand for such instruction would soon he supplied. 
Some teachers would undertake to give instruction for the mere 
purpose of enabling candidates to gethhrough the Examination ; 
and by the continued habit of such work would gradually come 
to look upon the examiners as malignant beings who keep youths 
out of office, and whose vigilance ought to be evaded by such 
means as experience might show to be most effective lor the pur¬ 
pose. Once this kind of direct examination-teaching has taken 
root, and is known to produce the desired effect of getting young 
men through the examinations, its existence encourages the ten¬ 
dency on the part of the aandidates to look merely to the exami¬ 
nation as the end and aim of their study ; and a class of teachers 
is developed whose exertions are essentially antagonistic to those 
of the examiners. 

There are, no doubt, teachers with a sufficiently clear appre¬ 
hension of their duty, and sufficient authority, to convince some 
of the candidates that the proper object of their study should be 
to increase their power of usefulness in the career for which they 
are preparing themselves, by thoroughly mastering up to a pre¬ 
scribed point certain branches of knowledge ; and that until they 
had honestly taken the means to do this and believed they had 
done it effectually, they ought not to go up for examination nor 
to wish to commence their career. 

But it is desirable tint all teachers be placed in such circum¬ 
stances that it may become their interest as well as their duty to 
co-operate to the utmost of their powers in the cbject for which 
the examiners are working. For this purpose their records of 
the work done under their guidance by each pupil ought to be 
carefully inspected by the examiners fbefore framing their ques- 
tians, and ought to be accepted as affording the chief evidence of 
the respective merits of the pupils. 

This is not the place for considering how the general funds for 
an effective system of national education can best be raised, nor 
how existing educational endowments can best be used in aid of 
those funds. It is well known that some colleges of Oxford and 
Cambridge are possessed of rich endow-ments, and thst many dis¬ 
tinguished members of those universities are desirous that the 
annual proceeds of those endowments should be di-tributed upon 
some system better calculated to promote the advancement of 
learning than that which generally prevails. Indeed we may 
confidently hope that, true to their glorious traditions, those col¬ 
leges will be led, by the high-minded and enlightened counsels 
of their members, to rely upon improving usefulness in the ad¬ 
vancement of learhing as the only secure and worthy basis of 
their action in the use of their funds, so that they may take a 
leading part in such system of national education as may be 
moulded out of the present chaos. 

But the foundations-of a national system of education ought 
to he kid independently of the present arrangements at Oxford 
and Cambridge, for we mny be sure that the more progress the 
system makes the more cisy will become the necessary reforms 
in the older universities and colleges. 

It is clearly undesirab’e that Government should longer delay 
obtaining such full and accurate knowledge of the existing na¬ 
tional resources for educational purposes, and of the manner in 
which they are respectively utilised, as may enable them to 
judge of the comparative prospects of usefulness presented by 
the various modes of distributing educational grants. They 
ought to know what has been done and what is doing in the 
various public educational establishments before they can judge 
which of them would be likely to make the best use* of a grant 
of public money. 

We have official authority for expecting such impartial admi¬ 
nistration of educational grants; and it cannot be doubted that, 


before long, due means will be taken to supply the preliminary 
conditions. 

You are no doubt aware that a Royal Commission was ap¬ 
pointed some time ago in consequence of representations made 
to Government by the British Association on this subject, and it 
is understood that their instructions are so framed as to direct 
their particular attention to the manner in which Government 
may distribute educational grants. The Commission is moreover 
composed of most distinguished men, and we have every reason 
to anticipate from their labours a result worthy of the nation and 
of the momentous occasion. 

In speaking of public educational establishments, I refer to 
those which by their constitution are devoted to the advancement 
of learning without pecuniary profit to their respective governing 
bodies. The annual expenditure requisite for keeping up a na¬ 
tional system of popular education will necessarily be considerable 
from the first, and will become greater from year to year ; but 
once Englishmen are fully alive to the parhmount importance 
of the subject, and see that its attainment is within their reach, 
we may be sure that its expense will be no impediment. Eng¬ 
land woid not deserve to reap the glorious fruits of the harvest of 
knowledge if she grudged the necessary outlay lor seed and til¬ 
lage, were it even ten times greater than it will be. It is no use 
attempting to establish a national system on any other than a 
truly national basis. Private and corporate funds inevitably get 
diverted from popular use, after a few generations, to the use of 
the influential and rich. A national system must steadily keep 
in view the improvement of the poor, and distribute public funds 
each year in the manner best calculated to give to the youths of 
the poorest classes full opportunities of improvement'propor¬ 
tional to their capacities, so that they may qualify themselves for 
the utmost usefulness to their country of which they are capable. 
The best possible security for the proper administration of the 
system will be found in the full and speedy publicity of all the 
particulars of its working. 

It has been frequently remarked that a great proportion of 
English investigators are men of independent means, who not 
only seek no advancement as a reward of their labours, but 
often sacrifice those opportunities of improving their worldly 
position which their abilities and influence open up to them, for 
the sake of quietly advancing human knowledge. Rich and 
powerful men have very great temptations to turn away from 
science, so that those who devote their time and money to its 
service prove to us how true and pure a love of science exists in 
this country, and how Englshmen will cultivate it when it is in 
their power to do so. 

Now and then a youth from the poorer classes is enabled by 
fortunate accidents and by the aid of a friendly hand to climh to 
a position of scientific activity, and to give us, as Faraday did, a 
sample of the intellectual powers which lie fallow in the great 
mass of the people. 

Now, the practical conclusion to which I want to leid you is 
that it rests with you, who represent the national desire for the 
advancement of science, to take the onlo measures which can 
now be taken towards the establishment of a system of edu¬ 
cation worthy of this country, and adapted to the requirements 
of science. In the present stage of the business the first thing to 
be done is to arouse public attention by all practicable means to 
the importance of the want, and to get people gradually to agree 
to some definite and practicable plan of action. You will, I 
think, find that the best way to promote such agreement is to 
make people consider the natural forces which have to be sys¬ 
tematised by legislation, with a view of enabling them to work 
freely for the desired purpose. When the conditions essential to 
any national system come to be duly appreciated by those in¬ 
terested in the cause of education, means will soon be found to 
carry out the necessary legislative enactments. 

The highest offices in the State are on our present system filled 
by men who, whatever their political opinions and party ties, 
almost infallibly agree in their disinterested desire to signalise 
their respective terms of office by doing any good in their power. 
Convince them that a measure desired by the leaders of public 
opinion is in itself good and useful, and you are sure to carry it. 

. And, on the other hand, England is not wanting in men both 
able and willing to come forward as the champions of any great 
cause, and to devote their best powers to its service. 

I may well say this at Bradford after the results achieved by 
your Member in the Elementary Education Act. 

Objections will of course be raised to any system on the score 
of difficulty and expense, more especially to a complete and 
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good system. Difficult of realisation it certainly must be, for it 
will need the devoted and indefatigable exertions of many an 
able and high-minded man for many a long year. Only show 
how such exertions can be made to produce great and abiding 
results, and they will not be wanting. And as for expense, you 
will surely agree with me that the more money U distributed in 
such frugal and effective manner, the better for the real greatness 
of our country. 

What nobler privilege is attached to the possession of money 
than that of doing good to our fellow men? and who would 
grudge giving freely from his surplus, or even depriving himself 
of some comforts, for the sake of preparing the rising generation 
for a life of the utmost usefulness and consequent happiness? 

I confidently trust that the time v ill come when the chief item 
in the annual budget of the Chancellor of the Exchequer will be 
the vote for National Education ; and when in some later age 
our nation shall have passed away, when a more true civilisation 
has grown, up and has formed new centres for its throbbing life, 
when there are but broken arches to tell of our bridges and 
crumbling ruins to mark the sites of our great cathedrals—then 
will the greatest and nobkst of England’s works stand more 
perfect and more beautiful than ever; then will some man sur¬ 
vey the results of Old England’s labours ia the discovery of 
imperishable truths and laws of nature, and see that her energy 
and wealth were accompanied by some nobler attributes—that 
while Englishmen were strong and ambitious enough to grasp 
power, they were true enough to use it for its only worthy pur¬ 
pose—that of doing good to others. 

I must not, however, trespass longer upon your time and your 
kind attention. My subject would carry me on, yet I must stop 
without having done half justice to it. 

If I have succeeded in convincing you that a National system 
of Education is now necessary and possible, and in persuading 
you to do what you respectively can to prepare the way for it, I 
shall feel that the first step b made towards that great result. 


Sectional Proceedings 
SECTION B.—Chemical Science. 

Address of the President, W. J. Russell, F.R.S. 

Of late years it has been the custom of my predeces¬ 
sors in this chair to open the business of the section with 
an address, and the subject of this address has almost invari¬ 
ably been a review of the progress of chemistry during the 
past year. I purpose, with your leave, to-day to deviate 
somewhat from this precedent, and to limit my remarks, as 
far as the progress of chemistry is concerned, to the history of 
one chemical substance. The interest and the use of an annual 
survey, at these meetings, of the progress of chemistry, has to 
a certain extent passed away, for the admirable extracts of all 
important chemical papers, now published by the Chemical 
Society, has in a great measure taken its place, and offers to the 
chemical student a much more thorough means of learning what 
progress his science is making than could possibly be done by 
the study of a presidential address. Doubtless these abstracts 
of chemical papers are known to others than professional 
chemists, but I cannot pass them over without recording the 
great use they have proved to be, how much they have done 
already in extending in this country an exact knowledge of the 
progress of science on the continent, and in helping and in 
stimulating those who are engaged in scientific pursuits in this 
country. I believe few grants made by this x\ssociation have 
done more real good than those which have enabled the Chemical 
Society to publish these abstracts. 

I dwell lor a moment on the doings of the Chemical Society, 
for I believe in the progress of this Society we have a most im¬ 
portant indication of the progress of chemical science in this 
country. The number of original papers communicated to the 
Society during the past year has far exceeded that of previous 
years : during last year fifty-eight papers were read to the 
Society, whereas the average number foi the last three years 
is only twenty-nine. Further, I may say, there is every appear¬ 
ance of this increased activity not only continuing, but even 
increasing. Another matter connected with the Society deserves 
a passing word, I mean its removal from its old rooms at Bur¬ 
lington House, which afforded it very insufficient accommoda¬ 
tion, to its new ones in the same building. This transference 
which is now taking place, will give to the Society a great 


increase of accommodation, and thus admit of larger audiences 
attending the lecture , of the proper development of the library, 
and of the full illustration by experiment of the communications 
made to it. These improvements must act most beneficially on 
the Society, and stimulate its future development; even now it 
numbers some 700 members, and certainly is not one of the least 
active or least useful of the many scientific societies in London. 
Since our last meeting, at Brighton, we have lost the most re¬ 
nowned of modern chemists—Liebig. His influence cm chemistry 
through a long and most active life has yet to be written. Pub¬ 
lishing his first paper fifty years ago, it is difficult for chemists of 
the present day to realise the changes in chemical thought, in 
chemical knowledge, and in chemical experiments which he 
lived through, and was more than any other chemist active in 
promoting. IIis activity was unwearied : he comm n‘eatcd no 
less than 317 papers to different scientific journal-, an i almost 
every branch of chemistry received some impetus from his hand. 

Liebig took an active interest in this Association, and I believe 
the last paper he wrote was one in answer to a communication 
made at the last meeting of this Association. On two occasions 
he attended the meetings of the British Association, and has 
communicated many papers to this section. The meeting at 
Liverpool in 1S37 was the first at which he was present; he there 
communicated to this section a paper on the products of the de¬ 
composition of uric acid, and fuither gave an account of his 
most important discovery, made in conjunction with Wohler, of 
the artificial formation of urea. At this meeting Liebig was 
requested to prepare a report on the slate of our knowledge 
of isomeric bodies; This request, although often repeated, was 
never complied with. He was also requested to report on the 
state of organic chemistry and organic analysis—thus our section 
was evidently desirous of giving him full occupation. At the 
meeting in 1S40 at Glasgow, a paper on “ Poisons, Contagions, 
and Miasms,” by Liebig was read; it was in fact an abstract 
of the last chapter in his book on “ Chemistry in its applications 
to Agriculture and Physiology,” and the work itself appeared 
about the same time, dedicated to this Association. Liebig 
says:—“ At one of the meetings of the Chemical Section 
of the British Association for the advancement of Science, 
the honourable task of preparing a report upon the slate of 
Organic Chemistry was iirpesed upon me. In this present 
work I present the Association with a part of this report.” At 
the.next meeting, which was held at Plymouth, in 1841, there 
was an interesting letter from Liebig to Dr. Playfair read to our 
section ; in it, among other matters, Liebig describes an “ ex¬ 
cellent method ” devised by Drs, Will and Varrentrapp for 
determining the amount of nitrogen in organic bodies ; he also 
says we have repeated all the expressions of Dr. Brown on the 
production of silicon from paracyanogen, but we have not been 
able to confirm one of his results ; what our experiences prove is 
that paracyanogen is decomposed by a strong heat into nitrogen 
gas, and a residue of carbon which is exceedingly difficult of 
combustion. 

To the next meeting—it was at Manchester, and Dalton was 
the president of this section—Dr. Playfair communicated an 
abstract of Professor Liebig’s report “On Organic Chemistry 
applied to Physiology and Pathology.” This abstract is printed 
in our proceedings, and the complete work is looked upon as the 
second part of the report on Organic Chemistry. This Association 
may therefore fairly consider that it exercked some influence on 
Liebig in the production of the most important works that he 
wiote. Playfair’s abstract must have been listened to with the 
greatest interest, and I doubt not the statements made sharply 
criticised, specially by the physiologists then at Manchester. 
Playfair concludes his abstract with these words, thus summing 
up the special objects of these reports :—“In the opinion of all, 
Liebig may be considered a benefactor to his species, for the 
interesting discoveries in agriculture, published by him in the 
first part of his report. And having in that pointed out means 
by which the food of the human race may be increased, in the 
work now before us he follows up the chain in its continuation, 
and shows how that food may be best adapted to the nutrition 
of man. Surely there are no two subjects more fitted than these 
for the contemplation of the philosopher; and by the consummate 
sagacity with which Liebig has applied to their elucidation the 
powers of his mind, we are compelled to admit that there is no 
living philosopher to whom the Chemical Section could have 
more appropriately entrusted their investigation.” 

At the meeting at Glasgow, in 1855, Liebig was also present, 
but then only communicated to this section a short paper on ful- 
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minuric acid, and some remarks on the use of lime water in the 
manufacture of bread. Such I believe is the history of the 
direct relationship which has existed between Liebig and this 
Association. Indirectly we can hardly recognise how much we 
owe to him. Interested as he was in the work of this Associa¬ 
tion I could not but to-day record the instances of direct aid and 
support which this section has received from him. 

I pass on norv to the special subject to which 1 wish to ask 
your attention. 

It is the history of the vegetable colouring matter found in 
madder. It has been in use from time immemorial, and is still 
one of the commonest and most important of dyes. It is ob¬ 
tained from a plant largely cultivated in many parts of the world 
for the sake of the colour it yields, and the special interest which 
now attaches to it is, that the chemist has lately shown how this 
natural colouring matter can be made in the laboratory as well as 
in the fields; how by using a bye-product, which formerly was 
without value, thousands of acres can be liberated for the culti¬ 
vation of other crops, and the colouring matter which they for¬ 
merly produced be cheaper and better prepared in the laboratory 
or in the manufactory. That a certain colouring matter could be 
obtained from the roots of the Rulua tinctorum, and other species 
of the same plant, has been so long known, that apparently no 
record of its discovery remains. 

Pliny and Dioscorides evidently allude to it. The former, re¬ 
ferring to its value as a dyeing material, says, “ It is a plant little 
known except to the sordid and avaricious, and this because of 
the large profits obtained from it, owing to its employment in 
dyeing wool and leather.” He further says, “The madder of 
Italy is the most esteemed, and especially that grown in the 
neighbourhood of Home, where and in other places it is pro¬ 
duced in great abundance.” He further describes it as being 
grown among the olive-trees, or in fields devoted especially to its 
growth. The madder of Ravenna, according to Dioscorides, 
was the most esteemed. Its cultivation in Italy has been con¬ 
tinued till the present time, and in 1863 the Neapolitan provinces 
alone exported it to the value of more than a quarter of a million 
sterling. At the present day we are all very familiar with this 
colouring matter as the commonest that is applied to calicoes. It 
is capable of yielding many colours, such as red, pink, purple, 
chocolate, and black. The plant in which is the source of this 
colouring matter is nearly allied botanically and in appearance to 
the ordinary Galiums, or bed-straws. It is a native probably of 
Southern Europe as well as Asia. It is a perennial with herba¬ 
ceous stem, which dies down every year ; its square-jointed 
stalk creeps along the ground to a considerable distance, and the 
stem and leaves are rough with sharp prickles. The root, which 
is cylindrical, fleshy, and of a pale yellow colour, extends down¬ 
wards to a considerable depth. It is from this root, which, when 
dried, is known as madder, that the colouring matter is obtained. 
The plant is propagated from suckers or shoots. These require 
some two or three years to come to full maturity and yield the 
finest colours, although in France the crop is often gathered 
after only eighteen months’ growth. From its taking so long to 
develop, it is evidently a crop not adapted to any ordinary 
series of rotation of crops. The plant thrives best in a warm 
climate, but has been grown in this country and in the north of 
Europe. 

In India it has been grown from the earliest times, and, as 
before stated, has been abundantly cultivated in Italy, certainly 
since the time of Pliny; he also mentions its cultivation in 
Galilee. In this country its culture has often been attempted, 
and has been carried on for a short time, but never with per¬ 
manent success. The madder now used in England is imported 
from E'rance, Italy, Holland, South Germany, Turkey, and 
India. In 1857 the total amount imported into this country was 
434,056 cwts., having an estimated value of 1,284,989/., and the 
average annual amount imported during the last seventeen years 
is 310,042 cwts. ; while the amount imported last year, 1872, 
was 283,274 cwts., valued at 922,244/. In 1861, it was esti¬ 
mated that in the South Lancashire district alone, 150 tons of 
madder were used weekly, exclusive of that required for prepar- 
ing garancine. I quote these figures as showing the magnitude 
of the industry that we are dealing with. Another point of 
much interest is the amount of land required for the cultivation 
of this plant. In England it was found that an acre yielded only 
from 10 to 20 cwt. of the dried roots, but in South Germany and 
in France the same amount of land yields about twice that quan¬ 
tity. The madder cultivator digs up the roots in autumn, dries 
them, in some cases peels them, by beating them with a flail, and 


exports them in the form of powder, whole root, or, after treat¬ 
ment with sulphuric acid, when it is known as garancine. 

The quality of the root varies much, that from the Levant, 
known as Turkey root, is most valued. According, how- 
ever, to the colour to be produced, is the madder from one 
source or another preferred. 

To obtain the colouring matter, which is but very slightly 
soluble in water, from these roots, they are mixed, after being 
ground, with water in the dye-vessel, and sometimes a little 
chalk is added. The fabric to be dyed is introduced, and the 
whole slowly heated ; the colouring matter gradually passes from 
the root to the water, and from the water to the mordanted 
fabric, giving to it a colour dependent of course on the nature of 
the mordant. 

To trace the chemical history of this colouring matter, we 
have to go back to the year 1790, when a chemist of the name 
of Watt precipitated the colouring matter of madder by alum 
from neutral, alkaline, and acid solutions : he obtained two differ, 
ent colouring matters, but could not isolate them, and many dif¬ 
ferent shades of colours. Charles Batholdi asserted that madder 
contained much magnesic sulphate, and Hautmann observed the 
good effect produced on madder by the addition of calcic car¬ 
bonate. In 1823, F. Kuhlmann made evidently a careful analysis 
of the madder-root, and describes a red and a fawn colouring 
matter; but the first really important advance made in our 
knowledge of the chemical constitution of this colouring matter 
was by Colin and Robiquet in 1S27. They obtained what they 
believed to be, and what has since really proved to be, the true 
colouring principle of madder, and obtained it in a state of 
tolerable purity. Their process for preparing it was very simple. 
They took Alsace madder in powder, digested it with water, 
obtaining thus a gelatinous mass, which they treated with boiling 
alcohol, then evaporated off four-fifths of the alcohol, and 
treated the residue with a little sulphuric acid, to diminish its 
solubility. Then, after washing it with several litres of water, they 
got a yellowish substance remaining. Lastly, they found that on 
moderately heating this product in a glass tube, they obtained a 
yellowish vapour formed of brilliant particles, which condensed, 
giving a distinct zone of brilliant needles, reflecting a colour 
similar to that from the native lead chromate. They named this 
substance alizarine, from the Levant name for madder, Alizari, 
the name by which it is still known there. 

A few years later we find other chemists attacking, this same 
subject; 1011831 Gaultier de Claubry andj. Persoz published the 
account of a long research on the subject; they described v two 
colouring matters, a red and a rose one—the red one was ali¬ 
zarine and the rose one was another body nearly allied to it, and 
now well known as purpurine. Runge also made an elaborate 
examination of the madder root; he found no less than five 
different colouring matters in it—madder-red, madder-purple, 
madder-orange, madder-yellow, and madder-brown. The first 
three he considers to be suited for dyeing purposes, but not the 
last two. 

Runge’s madder-red is essentially impure alizarin, and his 
madder-purple impure purpurine. He does not give any 
analysis of these substances. During the next ten years this 
subject seems to have attracted but little attention from chemists, 
but in i84&ShieI prepared the madder-red and madder-purple of 
Runge, by processes very similar to those employed by Runge, 
and analysed these substances. For madder-red he gives the 
formula C 23 H I9 0 9 , which differs only by H 2 0 from the formula 
now adopted. For the madder-purple he gives the formula 
C2sH 20 O l5 , and for the same substance, after being sublimed, 
C7H3O4. The chemist who has worked most on this subject, 
and to whom we are principally indebted for what we know with 
regard to the different constituents contained in the madder root, 
is Dr. Schunk of Manchester. In Liebig’s Annalen for 1848 he 
gives a long and interesting account of his examination of madder; 
he isolated and identified several new substances which are most 
important constituents of the root, and has since this time added 
much to our knowledge of the chemical constitution of madder. 
In the paper above alluded to he confirms the presence of the 
alizarine, and gives to it the formula C 14 Hi 0 O 4 . The principal 
properties of this body may best be sketched here. Its vola¬ 
tility and brilliant crystalline appearance have already been men¬ 
tioned ; it is but slightly soluble in cold water, but much more 
so in alcohol, in ether, and in boiling-water. The colour of its 
solution is yellow, and when it separates out from a liquid it lias 
a yellow llocculent appearance, differing thus greatly from the 
red brilliant crystalline substance before described. In order to 
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obtain this latter body heat had always been used, so until the 
elaborate experiments of S chunk it was a question whether the 
heat did not produce a radical change in the substance, whether, 
in a word, these two bodies were really identical. Schunk’s 
experiments proved that they were, and consequently that this 
beautiful colouring matter alizarine existed as such in madder. Tf, 
however, we go one step further back and examine the fresh root 
of Rubia tinctomm , that is, as soon as it is drawn from the 
ground, for some time we shall find no trace of alizarine there. 
On slicing the root it is seen to be of a light carroty colour, and 
an almost colourless liquid can be squeezed out of it, but this is 
entirely free from the colouring matters of madder. Let the 
roots, however, be kept if only for a short time, and then they 
will give abundant evStcnce of the presence of alizarine; if 
simply heated alizarin may be volatilised from them. It appears 
then that the whole of the tinctorial power of this root is developed 
after the death of the plant. Schunk explains this curious phe¬ 
nomenon as follows :—That in the cells of the living plant there 
is a substance which he has isolated, and lias named rubian; 
it is easily soluble in water and in alcohol; the solution is of a 
yellow colour, and has an intensely bitter taste ; when dry it is a 
hard, brown, gum-like body. It has none of the properties of a 
dye stuff, hut if we take a solution of it, add some sulphuric or 
hydrochloric acid to it, and boil, a yellow flocculent substance 
will slowly separate out, and on filtering it off and washing it, 
it will be found to have the tinctorial properties of madder and 
to contain alizarine. In the liquid filtered from it there is, with 
the acid added, an uncrystallisable sugar, so that in this way the 
original product in the root, the rubian, has apparently been split 
up into alizarine and into sugar. To apply this reaction to what 
goes on in the root after its removal from the ground, we have to 
find if any other substances can take the place of the boiling 
dilute acid, and Schunk lias shown there exists in the root itself 
a substance which is eminently fitted to produce this splitting 
up of the rubian. He obtained this decomposing agent from 
madder simply by digesting it in cold water, and then adding alco¬ 
hol to the liquid ; this threw down a reddish flocculent substance, 
and if only a small portion of this he added to an aqueous solu¬ 
tion of rubian and allowed to stand for a few hours in a warm 
place, it was found that the rubian was gone, and in place of it 
tiierc was a thick tenaceous jelly; this, treated with cold water, 
gave to it no colour, no bitter taste, but much sugar. From 
the jelly, remaining insoluble, alizarine could be extracted. In 
fact, of all known substances this very one found in the madder 
itself is best suited for effecting this decomposition of the rubian. 

It appears, then, that these two bodies must exist in the root. 
The history then seems complete. The two substances are kept 
apart during the life of the plant in some way of which we know 
nothing, hut as soon as it dies they begin slowly to act on one 
another, developing thus the colouring matters in madder. It 
has long been known to dyers that the amount of colouring 
matter in madder will increase on keeping it; even for years it 
will go on improving in quality, and an experiment of Schunk’s 
shows that the ordinary madder as used by the dyer has not all 
the rubian converted into colouring matter, for on taking a 
sample of it and extracting it with cold water he got an acid 
solution devoid of dyeing properties, but on allowing this solu¬ 
tion to stand some time it gelatinised and then possessed dye¬ 
ing properties. 

Coincident with the appearance of Schunk’s first paper was 
one by Debus on the same subject. He looked upon alizarine as 
a true acid, and gave it the name of Lizaric acid, hut as far 
as the composition of it was concerned the percentage which 
lie obtained agreed closely with those given by Schunk. One 
other investigation concludes all that is important in the his¬ 
tory of alzarine as obtained from madder. This last research 
is of great interest; it was by Julius Wolff and Adolph 
Strecker, and published in 1850. ■ They confirm the results of 
others so far that there are in the madder root two distinct 
colouring substances—this important one alizarin, and the other 
one purpurine. They prepare these colouring matters much in 
the same way that Schunk did, and very carefully purify and 
analyse them ; the formula:- which they give for them differ, how¬ 
ever, from Schunk’s: foralizarine they give the formula CjoII^Og 
and for purpurine Ci s II 12 0 6 . Further, they suggest that by the 
process of fermentation the former is converted into the latter, 
and they show that by oxidation they both yielded phthalic 
acid. Since the publication of this research, until the last 
year or two, this formula for alizarine has been generally adopted 
by chemists, and in most modem books we find it given as 


expressing the true composition of that body. It was not only 
the careful and elaborate work which they devoted to the 
subject, hut also the ingenious and apparently well-founded 
theory on the subject which carried conviction with it. Laurent 
had shown, not many years before, that when naplithalin, that 
beautiful white crystalline substance obtained from coal tar, 
was acted on by chlorine, and then treated with nitric acid, 
a body known as chiornaphthaiic acid and having the composi¬ 
tion C 20 H 10 Cl2O c was obtained, and on comparing this formula 
with the one they had obtained for alizarine, Wolff and Strecker 
at once concluded that it really was alizarine, only containing 
two atoms of chlorine in place of two of hydrogen ; make this 
replacement, an operation generally easily performed, and 
from naphthalin, they had prepared alizarine. Further, this 
relationship between chiornaphthaiic acid, and alizarine is borne 
out in many ways ; it, like alizarine, has the power of combining 
with different basic substances, has a yellow colour, is insoluble 
in water, melts at about the same temperature, is volatile, and 
when acted on by alkalis gives strongly coloured solutions. Taking 
then all these facts into consideration, can we wonder that these 
chemists feel convinced that tiiey have established the composi¬ 
tion of alizarine, and have shown the source from whicli it is to 
be obtained artificially ? Apparently but one very simple step 
remains to crown their work with success, that of replacing the 
chlorine by hydrogen. Melsens had only shortly before shown how 
this substitution could easily be made in the case of choracelic 
acid by acting on it with potassium amalgam, and Ivolbe had 
used tlie battery for the same purpose. Both these processes, and 
doubtless all others that the authors can think of, are tried upon 
the chloronaphthalic acid, but chioronaphthalic acid it remains, 
and they are obliged to confess they arc unable to make this 
substitution. Still they are strong in the belief that it is to be 
done and will be done, and conclude the account of their 
researches by pointing out the great technical advantage it will 
be to get alizarine from ajworthless substance suchas naphthalin. 
One cannot help even now sympathising with these chemists in 
their not being able to confirm what they had really the strongest 
evidence for believing must prove to be a great discovery. We 
now know, however, that had they succeeded in effecting this 
substitution, or had they in any other way obtained this chlorc- 
naphthalic acid without the chlorine, if I may so speak of it, 
whicli since their time has been done by Martius and Griess, 
alizarine would not have been obtained, but a body having a 
remarkable parallelism in properties to it would have been. This 
body, like alizarine, is of a yellowish colour, but slightly soluble in 
water, easily in alcohol and in ether, is volatile, and on oxida¬ 
tion yields the same products, it is, intact, an analogous body, but 
belonging to another group. We also know that the formula 
proposed by Wolff and Strecker, and so long in use, is not the 
correct one. But little more remains to be added with regard 
to the history of alizarine as gathered from the study of 
the natural substance. Schutzenberger and Faraf suggested 
doubling Wolff and Strecker’s formula for alizarine, and Boliey 
suggested the formula C^II^O,;, which owing to the uneven 
number of hydrogen atoms was soon rejected. If we compare 
our present knowledge of alizarine with what it was when these 
researches on the natural product were completed, it is as light¬ 
ness compared to darkness, and we may well ask whence has 
come this influx of knowledge ? the answer I hope to show you 
is undoubtedly that it has come from the careful and accurate 
study of abstract chemistry. I know of no history in the whole 
of chemistry which more strikingly illustrates how the prosecu¬ 
tion of abstract science lays the foundation for great practical 
improvements. My object now, is then to show you, as 
shortly as I can, how by indirect means the composition of 
alizarine was discovered, how it has been built up artificially, and 
how it is superseding for manufacturing purposes the long-used 
natural product. 

To trace this history from its source we must go back to 
17S5, when an apothecary of the name of Hofmann obtained 
the calcium salt of an acid. called quinic acid from cinchona 
bark. This acid is now known to be of common occurrence 
in plants, it exists in the bilberry and in coffee, in holly, 
ivy, oak, elm, and ash leaves, and probably many others. 
Liebig also prepared the calcium salt, and was the first to 
give a complete analysis of it; the formula he gave for it was 
CjjIIojO,,, Bauss on repeating Liebig’s experiments arrived at 
a somewhat different conclusion, and gave'the formula CrsIIooOj,. 
In 1S35 at Liebig’s suggestion, to determine which formula was 
correct, Alexander Woskrcnsky, from St. Petersburg, then a 
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student at Giessen, undertook the further investigation of this 
subject, and established the formula C l4 IL 4 O l2 the one in fact 
now in use. In the course cf this investigation, which he carried 
further than merely settling the percentage composition of this 
acid, he describes what to us how is of most interest, a new 
substance having peculiar and very marked properties. He 
says that when a salt oT quinic acid is burnt at a gentle heat he 
gets aqueous vapour, the vapour of formic acid, and a deposit of 
golden needles which are easily sublimed. Afterwards he 
describes how this same golden substance may be obtained from 
any salt of quinic acid by heating it with manganic dioxide and 
dilute sulphuric acid; it then distils over, condensing in 
golden yellow needles on the sides of the receiver, and may be 
rendered pure by resublimation. The composition of this body 
he finds to be C 3 I1 2 0, and names it quinoyl, a name strongly 
objected to by Benzelius, as conveying a wrong impression of 
the nature of the body ; he proposes in place of it the name 
quinone, by which it is still known. Far as this body would 
seem to be removed from alzarine, yet is the ‘"Study of its 
properties which led to the artificial production of alizarine. 

Some years afterwards Wohler also explained them by the 
decomposition of quinic acid; be prepares again this quinone 
and follows exactly the process described by Woskrensky. He 
states that with regard to the properties of this remarkable body 
he has nothing particular to add. However, he proposes a 
different formula for it, and discovers and describes other bodies 
allied to it. Among these is Ilydroquinone C s H A O s . Laurent 
afterwards shows that the formula proposed by Wohler is incon¬ 
sistent with his and Gerhard’s views, and by experiment confirms 
the former formula for this body. Although many other chemists 
devoted much attention to this substance, still its real constitution 
and relation to other compounds remained unknown. 

Thus Wohler, Laurent, Hofmann, Stiidler, and Hesse, all 
had worked at it, and much experimental knowledge with regard 
to it had been acquired. One important point in its history was 
first the discovery of chloranil by Erdmann in 1841, and then 
Hofmann, showing that by heating quinone with potassic chlorate 
and hydrochloric acid chloranil could be obtained from it; that, 
in fact, chloranil was quinone in which all the hydrogen had 
been replaced by chlorine. Perhaps the most general impression 
among chemists was that in constitution it was a kind of alde¬ 
hyde, certainly its definite place among chemical compounds 
was unknown. 

Kekule suggests a rational formula for it, but it is to Carl 
Graebe that we owe our knowledge of its true constitution. In 
1S68 he published a remarkable and very able paper on the 
quinone group of compounds, and then first brought forward the 
view that quinone was a substitution derivative of the hydro¬ 
carbon benzol (C 6 II 6 ). On comparing the compounds of these 
two bodies it is seen that the quinone contains two atoms of 
oxygen more and two atoms of hydrogen less than benzol, and 
Graebe, from the study of the decomposition of the quinone, and 
from the compounds it forms, suggested that the two atoms of 
oxygen form in themselves a group which is divalent, and thus 
replace the two atoms of hydrogen. This supposition he very 
forcibly advocates and shows its simple and satisfactory appli¬ 
cation to all the then known reactions of this body. This 
suggestion really proved to be the key, not only to the expla¬ 
nation of the natural constitution of quinone and its deriva¬ 
tives, but to much important discovery besides. At this time 
q dnone seemed to stand alone, no other similarly constituted body 
was known to exist; but what strikingly confirms the correctness 
of Graebe’s views, and indicates their great value, is that 
immediately lie is able to apply his lately gained knowledge, 
and to show how other really analogous bodies, other quinones 
iu fact, already exist. lie studied with great care this quinone 
series of compounds and the relation they bore to one another, 
the relation the hydrocarbon, benzole, bore to its oxidised 
derivative, quinone, and its relation to the chlorine substitution 
products derivable from it. At once tins seems to have led 
Graebe to the conclusion, that another such series already 
existed ready formed, and that its members were well known 
to chemists, that in fact naphthalin (C 10 H 8 ) was the parent 
hydrocarbon and that the cliloroxynaphthalin chloride (C 10 H 4 
C 1 2 0 2 ) and the perchloroxynaphthalin chloride (C 10 Cl 6 O 2 ) were 
really chlorine substitution compounds of the quinone of this 
series, corresponding to the bichloroquinone and to chloranil. 
That the chloroxynaphthalic acid C 10 H 4 Cl(HO)O 2 and the per- 
cliloroxynaphthalic acid C 16 C 1 5 (H O) 0 2 , all compounds pre¬ 
viously discovered by Laurent, were really bodies belonging to that 
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series, and further the supposed isomeric of alizarin discovered by 
Martins and Griess was really related to this last compound 
having the composition C l0 Hs (II O) O.,. Further he was 
able to confirm this by obtaining the quinone itself of this 
series, the body having the formula Cj 0 H 6 (0 2 ) containing also 
two atoms less of hydrogen, and two atoms more of oxygen 
than the hydrocarbon naphthalin, and to the body he gave the 
characteristic name of naphthoquinone. The chlorine com¬ 
pounds just named are thus chloro-naphthoquinone, or chloroxy- 
naphthoquinone, and correspond to the former chloroquinones, 
Martius and Griess compound will be an oxynaphthoquinone; 
many other compositions of this series are also known. Another 
step confirmatory of this existence of a series of quinones was 
made by Graebe and Borgmann, as the chloranil could be formed 
by treating phenol by potassic chlorate and hydrochloric acid and 
quinone derived from it, they showed that in the next higher series 
to the phenol series, viz. with cressol, the same reaction held good, 
and by treating it in the same way they obtain a di- and a tri- 


chlorololu-quinone C 3 


OIL, 

{0 2 }" which in physical por- 
Ci 3 


CII 3 

I (0 2 j" 

I Cl, 

l II 

perties very closely resemble the corresponding compounds in 
the lower series. Other compounds have also been prepared. 
In the next step we have the application, which connects these 
series of discoveries with alizarine. Following the clue of a 
certain analogy which they believed to exist between the 
(OF 

chloranilie acid CgClAjAG and the chloroxynaphthalic acid 
C 10 H 4 C 1 jjqo), which they had proved to be quinone compounds 

and alizarine, believing that a certain similarity of properties 
indicated a certain similarity of constitution, Graebe and 
Liebermann were lead to suppose that alizarine must also 
be a derivative from a ’ quinone, and have the formula 

CuH 4 |^ 2 q ^ This theory they were able afterward to prove; the 

first thing was to find the hydrocarbon from which the quinone 
might be derived ; this was done by taking alizarine itself, and 
heating it with a very large excess of zinc powder in a long 
tube, sealed at one end. A product distilled over, and condensed 
in the cool part of the tube, and collecting it and purifying it 
by recrystallisation, they found they had not a new substance, 
but a hydrocarbon discovered as long ago as 1832 by Dumas 
and Laurent, and obtained by them from tar. They had given it 
the formula C 15 II 12 , and as apparently it thus contained one 
and a half times as many atoms of carbon and hydrogen as 
naphthalin did, they named it Paranaphthalin ; afterwards Laurent 
changed its name to Anthracene, by which it is still known. 
Fritzsche, in 1S57, probably obtained the same body, but gave 
it the formula C u 11 10 . Anderson also met with it in his 
researches, established its Composition and found some derivatives 
from it. Limprich in 1866 showed it could be formed syn¬ 
thetically by heating benzolehloride (C 7 II 7 C 1 ) with water and 
Berthelot has since proved that it is formed by the action of 
heat on many hydrocarbons. This first step was thus complete, 
and most satisfactory; from alizarin they had obtained its 
hydrocarbon, and this hydrocarbon was a body already known, 
and with such marked properties that it was easy to identify it. 
But would the next requirement be fulfilled, would it like 
benzol and naphthalin yield a quinone? The experiment had 
not to be tried, for when they found that anthracene was the 
hydrocarbon found, they recognised in a body already known 
to exist, the quinone derivable from it. It had been prepared 
by Laurent by the action of nitric acid on anthracene, and 
called by him anthraceneuse, and the same substance was also 
discovered by Anderson and called by him oxanthracene. The 
composition of this body was proved by Anderson and Laurent to 
be C l4 H 8 0 2 , and it thus bears the same relation to its hydrocarbon 
anthracene, that quinone and naphthaquinone dodo their hydro¬ 
carbons. Graebe gave to it the systematic name of anlhraquinone. 

e then, now, three hydrocarbons C G 1 I 6 , Ci u H 8 , and 
C l4 H 10 , differing by C 4 II 2 , and all forming starting points for these 
different quinone scries. Anthroqninone acted upon by chlorine 
gave substitution products such as might have been foretold. It 
is an exceedingly stable compound, not attacked even by fusion 
with potassic hydrate. Bromine does not act upon it in the cold, 
but at ioo° it forms a bibromanthraquinone. Other bromine 
compounds have also been found. Now, if the analogies which 
have guided them so far still hold good, they would seem to 
have the means of forming alizarine artificially. Their theory is 
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thatitisdioxyanthraquinone C I4 II S s!1 d if so, judging 

from what is known to lake place with other quinone derivatives 
it should be formed from this dibromoanthraquinone on boiling it 
with potash or soda and then acidulating the solution. They 
try the experiment, and describe how, contrary at first to their 
expectations, on boiling the dibromanthraquinone with potash no 
change occurred, but afterwards, on using stronger potash and a 
higher temperature, they had the satisfaction of seeing the liquid 
little by little become of a violet colour ; this shows the formation 
of alizarine. Afterwards, on acidifying this solution, the alizarine 
separated out in yellowish flocks. On volatalising it they got 
it in crystals, like those obtained from madder. On oxidising it 
with nitric acid, they get phthalic acid ; and on precipitating it 
with the ordinary mordants or other metallic solutions, they get 
compounds exactly comparable to those from the natural product. 
Every trial confirms their success, so by following firmly theo¬ 
retical considerations, they have been led to the discovery of the 
means of artificially forming this important organic colouring 
matter. A special interest must always attach itself to this 
discovery, for it is the first instance in which a natural organic 
colouring matter has been built up by artificial means ; now the 
chemist can compete with Nature in its production: Although 
the first, it is a safe prediction that it will not long be the only 
one; which colouring matter will follow next it is impossible to 
say, but sooner or later that most interesting one, scientifically 
and practically, indigo will have to yield to the scientific chemist 
the history of its production. Returning for a moment to the 
percentage composition of alizarine, now that we know its con¬ 
stitution, its formula is established, and on comparing it 
(C u H s 0 4 ) with all the different formulce which have been 
proposed, we see that the one advocated by Schunk was most 
nearly correct, in fact that it differs from it only by two atoms of 
hydrogen. It is not without interest to note that the next most 
important colouring matter in madder. I’urpurine, which so 
pertinaciously follows alizarine, is in constitution very nearly allied 
to it, and is also an anthraecne derivative. 

Scientifically then the aitificial production of this natural 
product was complete, but the practical question, can it be 
made in the laboratory cheaper than itcan be obtained from the 
root, had yet to be dealt with. The raw material, the anthracene, 
a bye-product in the manufacture of coal gas, had as yet only been 
obtained as a chemical curiosity ; it had no market value, its cost 
would depend on the labour of separating it from the tar, and the 
amount obtainable. J 5 ut with regard to the bromine necessary to 
form the bibromantharquinone it was different; the use of such 
an expensive re-agent would preclude the process becoming a 
manufacturing one. But could no cheaper re-agent be used in 
place of tlie bromine, and thus crown this discovery by utilising 
it as a manufactunrig process? It was our countryman, Mr. 
I’erkin, who first showed how this could be done, and has since 
proved the very practical and important nature of his discovery- by- 
carrying it out on the manufacturing scale. The nature of 
Perkin’s discovery was the forming in place of a bibromanthra- 
quinone, adisulphoanthraquinone,ina word housed sulphuricacid 
in place of bromine, obtaining thus a sulpho acid in place of a 
bromine substitution compound. Tire properties of these sulpho 
acids, containing the monovalent groups II S 0 3 which is 
the equivalent to the atom of bromine, is that on being 
boiled with an alkali they are decomposed, and a corre¬ 
sponding alkaline salt formed; thus the change from the 
anthraquinone to the alizarine was effected by boiling it 
with sulphuric acid. At a high temperature, it dissolves, 

l (O,)" 

becoming a sulpho acid C 14 II 6 < HSO» and the further changes 

(HSO3 

follow, as they did with the bromine compound: the sulphuric 
acid boiled with potash is decomposed, and a potash salt of 
alizarin and potassic sulphite are formed ; acid then precipitates 
the alizarin as a bright yeilow substance. While Perkin was 
carrying on these researches in this country, Caro, Graebe, 
Liebermann, were carrying on somewhat similar ones in Germany; 
and in both countries have the scientific experiments developed 
into manufacturing industries. My knowledge extends oniy to 
the English manufactory, and if any excuse be necessary for 
having asked your attention to-day to this long history of a 
single substance, I think I must plead the existence of 
that manufactory as my excuse, for it is not often that purely 
scientific research so rapidly culminates in great practical under- 
takings. Already has the artificial become a most formidable 


opponent to the natural product; and in this struggle already 
begun there can be no doubt which will come off victorious. 
In the manufactory is rigidly carried out, the exact process I 
have already described to you. In tar there is about I per 
cent, of the anthracene; this, in a crude, impure state, is 
obtained from it by the tar-distiller, and sent by him to the 
colour works ; here it is purified by pressure by dissolving from 
it many of its impurities, and lastly by volatalising it. Then 
comes the conversion of it into the anthraquirrone by oxidising 
agents, nitric or chromic acid being used. Then the formation 
of the sulphur compound by heating it with sulphuric acid to a 
temperature of about 260° C. The excess of acid present is 
then neutralised by the addition of lime, and the insoluble calcic 
sulphate is filtered off; to the filtered liquid sodic carbonate is 
added, and thus the calcic salt of the sulpho acid is changed into 

( (o,)" 

the sodic salt C 14 IL < Na S 0 3 This is afterwards heated to 
( Na S 0 3 

about iSo^C. with caustic soda, thus decomposing the sulphuric 
acid and forming the soda salt of alizarin; and sodic sulphite ; 
the alizarine salt so formed, remains in solution, giving to the liquid 
a beautiful violet colour; from this solution sulphuric acid preci¬ 
pitates the alizarine as an orange yellow substance. It is allowed 
to settle in large tanks, and then is run in the form of a yellowish 
sand, which contains either 10 or 15 per cent, of dry alizarine ; 
nto barrels, and is in this form sent to the print works, and used 
much in the same way as the original ground madder was used. 

This alizarine mud, as 1 have called it, containing but 10 per 
cent, of dry alizarine is equal in dyeing power to about eight 
times its weight of the best madder, and is the pure substance 
required for the dyeing in place of a complicated mixture con¬ 
taining certain constituents which have a positively injurious 
effect on the colours produced. 

The scientific knowledge and energy which Mr. I'erkin has 
brought to bear on the manufacture of this colouring matter, 
seems already to have worked wonders, the supply and demand 
lor artificial alizarine are increasing at a most rapid rate, and yet 
the manufacture of it seems hardly to have commenced. The 
value of madder has much decreased, and in fact, judging by 
what occurred in the year of revolution and commercial depres¬ 
sion, 1848, when the price of madder fell for a time to a point 
at which it was considered it would no longer remunerate the 
growers to produce it, that point has now been again reached, 
but certainly from very different reasons. Last year artificial 
alizarine, equal in value to about one-quarter of the madder im¬ 
ported into England, was manufactured in this country. This 
year the amount will be much larger. Thus is growing up a 
great industry, which far and wide must exercise most important 
effects ; old and cumbersome processes must give way to better, 
cheaper, newer ones, and lastly thousands of acres of land in 
many different parts of the world will be relieved from the neces¬ 
sity of growing madder and be ready to receive some new crop. 
In this sense may the theoretical chemist be said even to have 
increased the boundaries of the globe. 


SECTION C.— Geoi.ogic.vi. Section 
Address of tiif. President, John Piut.urs, F.R.S. 

MORE than half the life of an octogenarian separates us from 
the birthday of the British Association in Yorkshire ; and few 01 
those who then helped to inaugurate a new scientific power can 
be here to-day to estimate the work which it accomplished, and 
judge of the plans which it proposes to follow in future. Would 
that we might still have with us the wise leading of Ilareourt, 
and the intrepid advocacy of Sedgwick, names dear to Geology 
and always to he honoured in Yorkshire ! 

The natural sciences in general, and Geology in particular, 
have derived from the British Association some at least of the 
advantages so boldly claimed at its origin: some impediments 
have been removed from their path; society looks with approba¬ 
tion on their efforts ; their progress is hailed among national 
triumphs, though achieved for the most part by voluntary 
labour; and the results of their discoveries are written in the 
prosperous annals of our native industry. ... 

Turning from topics which involve industrial interests, 
to other lines of geological research, we remark how firmly 
since 1831 the great facts of rock-stratification, succession 
of life, earth-movement, and changes of oceanic areas have been 
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established and reduced to laws—laws, indeed, of phenomena at 
present, but gradually acquiring the character of laws of causa¬ 
tion. 

Among the important discoveries by which our knowledge of 
the earth’s structure and history has been greatly enlarged 
within forty years, place must be given to the results of the 
labours of Sedgwick and Murchison, who established the 
Cambro-Silurian systems, and thus penetrated into ancient time- 
relics very far toward the shadowy limit of palaeontological 
research. Stimulated by this success, the early strata of the 
globe have been explored with unremitting industry in every 
corner of the earth; and thus the classification and the nomencla¬ 
ture which were suggested in Wales and Cumberland are found 
to be applicable in Russia and India, America and Australia, so 
as to serve as a basis for the general scale of geological time, 
founded on organic remains of the successive ages. 

This great principle, the gift of William Smith, is also em¬ 
ployed with success in a fuller study of the deposits .which stand 
among the latest in our history and involve a vast variety of 
phenomena, touching a long succession of life on the land, 
changes of depth in the sea, and alterations of climate. Among 
these evidences of physical revolution, which, if modern as 
geological events, are very ancient if estimated in centuries, the 
earliest monuments of men find place—not buildings, not in¬ 
habited caves or dwellings in dry earth-pits, not pottery or 
fabricated metal, but mere stones shaped in rude fashion to 
constitute apparently the one tool and one weapon with which, 
according to I’restwich, and Evans, and Lubbock, the poor 
inhabitant of northern climes had to sustain and defend his life. 

Nothing in my day has had such a decided influence on the 
public mind in favour of geological research, nothing has so 
clearly brought out the purpose and scope of our science, as 
these two great lines of inquiry, one directed to the beginning, 
the other to the end of the accessible scale of earthly time ; for 
thus has it been made clear that our purpose can be nothing less 
than to discover the history of the land, sea, and air, and the 
long sequence of life, and to marshal the results in a settled 
chronology—not, indeed, a scale of years to be measured by the 
rotations or revolutions of planets, but a series of ages slowly 
succeeding one another through an immensity of time. 

There is no question of the truth of this history. The facls 
observed are found in variable combinations from time to time, 
and the interpretations of these facts are modified in different 
directions; but the facts are all natural phenomena and the inter¬ 
pretations are all derived from real laws of these phenomena—some 
certified by mathematical and mechanical research, others based 
on chemical discovery, others due to the scalpel of the anatomist, 
or the microscopic scrutiny of the botanist. The grandest of 
early geological phenomena have their representatives, however 
feeble, in the changes which are now happening around us ; the 
forms of ancient life most surprising by their magnitude or singular 
adaptations can be explained by analogous though often rare and 
abnormal productions of to-day. Biology is the contemporary 
index of Paleontology, just as the events of the nineteenth 
century furnish explanations of the course of human history in 
the older times. . . . 

During the long course of geological time the climates of the 
earth have changed. In many regions evidence of such change 
is furnished by the forms of contemporary life. Warm climates 
have had their influence on the land, and favoured the growth 
of abundant vegetations as far north as within the arctic circle ; 
the sea has nourished reef-making corals in northern Europe 
during Paleozoic and Mesozoic ages; crocodiles and turtles were 
swimming round the coasts of Britain, among islands clothed 
with Zamire and haunted by marsupial quadrupeds. How have 
we lost this primaeval warmth? Does the earth contribute less 
heat from its interior stores? does the atmosphere obstruct more 
of the solar rays or permit more free radiation from the land and 
sea? has the sun lost through immensity of time a sensible portion 
of its beneficent influence? or, finally, is it only a question of the 
elevation of mountains, the oceanic currents, and the distribu¬ 
tion of land and sea? 

Tire problems thus suggested are not of easy solution, though 
in each branch of the subject some real progress is made. The 
globe is slowly changing its dimensions by cooling ; thus in¬ 
equalities and movements of magnitude have arisen and are still 
in progress on its surface : the effect of internal pressure, when 
not resulting in mass-movement, is expressed in the molecular 
action of heat which Mallet applies to the theory of volcanoes. 
The sun has no recuperative auxiliary known to Thomson for 


replacing his decaying radiation; the earth, under his influence, 
as was shown by Herschel and Adhenrar, is subject to periods 
of greater and less warmth, alternately in the two hemispheres 
and generally over the whole surface; and finally, as Hopkins 
has shown, by change of local physical conditions the climate of 
northern zones might be greatly cooled in some regions and 
greatly warmed in others. 

One is almost frozen to silence in presence of the vast sheets 
of ice which some of my friends (followers of Agassiz) believe 
themselves to have traced over the mountains and vales of a great 
part of the United Kingdom, as well as over the kindred regions 
of Scandinavia. One shudders at the thought of the innumerable 
icebergs with their loads of rock, which floated in the once 
deeper North Sea, and above the hills of the three Ridings of 
Yorkshire, and lifted countless blocks of Silurian stone from 
lower levels, to rest on the precipitous limestones round the 
sources of the Kibble. 

Those who, with Professor Ramsay, adopt the glacial hypo¬ 
thesis in its full extent, and are familiar with the descent of ice 
in Alpine valleys where it grinds and polishes the hardest rocks, 
and winds like a slow river round projecting cliffs, are easily 
conducted to the further thought that such valleys have been 
excavated by such ice-rubbers, and that even great lakes on the 
course of the rivers have been dug out by ancient glaciers which 
once extended far beyond their actual limits. That they did so 
extend is in several instances well ascertained and proved ; that 
they did in the manner suggested plough out the valleys and 
lakes is a proposition which cannot be accepted until we possess 
more knowledge than has yet been attained regarding the resistance 
offered by ice to a crushing force, its tensile strength, the measure 
of its resistance to shearing, and other data required for a just 
estimate of the problem. At present it would appear that under 
a column of its own substance 1000 ft. high, ice would not retain 
its solidity; if so, it could not propagate a greater pressure in 
any direction. This question of the excavating effect of glaciers 
is distinctly a mechanical problem, requiring a knowledge of 
certain data; and till these are supplied, calculations and con¬ 
jectures are equally vain. 

A distinguishing feature of modern geology is the greater 
development of the doctrine that the earth contains in its burial- 
vaults, in chronological order, forms of life characteristic of the 
several successive periods when stratified rocks were deposited in 
the sea. This idea has been so thoroughly worked upon in all 
countries, that we are warranted to believe in something like one 
universal order of appearance in time, not only of large groups 
but even of many genera and species. The Trilobitic ages, the 
Ammonitic, Megalosaurian, and I’alxotherinn periods are 
familiar to every geologist. What dosed the career of the 
several races of plants and animals on the land and in the sea, is 
a question easily answered for particular parts of the earth’s 
surface by reference to ‘'physical change;” for this is a main 
cause of the presence or absence, and in general of the unequal 
distribution of life. But what brought the succession of different 
races in something like a constant order, not in one tract only, 
but one may say generally in oceanic areas, over a large portion 
of the globe? 

Life unfolds itself in every living thing, from an obscure, often 
undistinguishable cell germ, in which resides a potential of botli 
physical and organic change—a change which, whether continual 
or interrupted, gradual or critical, culminates in the production 
of similar germs, capable under favourable conditions of assum¬ 
ing the energy of life. 

llow true to their prototypes are all the forms with which we 
are familiar, how correctly they follow the family pattern for 
centuries, and even thousands of years, is known to all students 
of ancient art and explorers of ancient catacombs. But much 
more than this is known. Very small differences separate the 
elephant of India from the mammoth of Yorkshire, the Wahl- 
heimia of the Australian shore from the Tcrcbratula of the 
Cotswold oolite, the dragon-fly of our rivers from the T.ibeUitla 
of the Lias, and even the khynchondla: and Lingula of the 
modem sea from the old species which swarm in the Palaeozoic 
rocks. 

But concurrently with this apparent perpetuity of similar forms 
and ways of life, another general idea comes into notice. No 
two plants are more than alike ; no two men have more than the 
family resemblance ; the offspring is not in all respects an exact 
copy of the parent. A general reference to some earlier type, 
accompanied by special diversity in every case (“descent with 
modification ”), is recognised in the case of every living heing. 
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Similitude, not indenlity, is the effect of natural agencies in the 
continuation of life-forms, the small differences from identity 
being clue to limited physical conditions, in harmony with the 
general law that organic structures are adapted to the exigencies 
of being. Moreover, the structures are adaptable to new con¬ 
ditions ; if the conditions change, the structure changes also, but 
not suddenly; the plant or animal may survive in presence of 
slowly altered circumstances, but must perish under critical 
inversions. These adaptations, so necessary to the preservation 
of a race, are they restricted within narrow limits ? or is it possi¬ 
ble that in course of long-enduring time, step by step and grain 
by grain, one form of life can be changed and has been changed 
to another, and adapted to fulfil quite different functions ? It is 
thus that the innumerable forms of plants and animals have been 
“developed" in the course of ages upon ages from a few original 
types? 

This question of development might he safely left to the 
prudent researches of Physiology and Anatomy, were it not the 
case that Paleontology furnishes a vast range of evidence on the 
real succession in time of organic structures, which on the whole 
indicate more and more variety and adaptation, and in certain 
aspects a growing advance in the energies of life. Thus at first 
only invertebrate animals appear in the catalogues of the inhabi¬ 
tants of the sea, then fishes are added, and reptiles and the 
higher vertebrata succeed ; man comes at last, to contemplate 
and in some degree to govern the whole. 

The various hypothetical threads by which many good natura¬ 
lists hope to unite the countless facts of biological change into 
an harmonious system have culminated in Darwinism, which 
takes for its basis the facts already stated, and proposes to explain 
the analogies of organic structure by reference to a common 
origin, and their differences to small, mostly congenital; modifica¬ 
tions which are integrated in. particular directions by external 
physical conditions, involving a “struggle for existence." Geo¬ 
logy is interested in the question of development, and in the 
particular exposition of it by the great naturalist whose name it 
bears, because it alone possesses the history of the development 
in time, and it is to inconceivably long periods of time, and to 
the accumulated effect of small but almost infinitely numerous 
changes in certain directions, that the full effect of the transfor¬ 
mations is attributed. 

For us, therefore, at present it is to collect with fidelity the 
evidence which our researches must certainly yield, to trace the 
relation of forms to time generally and physical conditions locally, 
to determine the life-periods of species, genera, and families in 
different regions, to consider the cases of temporary interruption 
and occasional recurrence of races, and how far by uniting the 
results obtained in different regions the alleged “ imperfection of 
the geological record” can be remedied. 

The share which the British Association has taken in this 
great work of actually reconstructing the broken forms of ancient 
life, of repeopling the old land and older sea, of mentally re¬ 
viving,one may almost say, the long-forgotten past, is considerable, 
and might with advantage be increased. We ask, and wisely, 
from time to time, for the combined labour of naturalists and 
geologists in the preparation of reports 011 particular classes or 
families of fossil plants and animals, their true structure and 
affinities, and their distribution in geological time and geogra¬ 
phical space. Some examples of this useful work will, I hope, 
be presented to this meeting. Thus have we obtained the aid 
of Agassiz and Owen, and have welcomed the labours of Forbes 
and Morris, and Lycett, and Huxley, of Dawkins and Egerton, 
of Davidson, Duncan, and Wright, of Williamson and Carruthers 
and Woodward, and many other eminent persons, whose valuable 
results have for the most part appeared in other volumes than 
our own. 

Among these volumes let me in a special manner recall to 
your attention the priceless gift to Geology which is annually 
offered by the Palm 0 n t0graphical Society, a gift which might 
become even richer than it is, if the literary and scientific part of 
our community were fortunate enough to know what a perpetual 
treasure they might possess in return for a small annual tribute. 
The excellent example set and the good work recorded in the 
Memoirs of the Society referred to have not been without influence 
on foreign men of science. We shall soon have such Memoirs 
from France and Italy, Switzerland and Germany, America and 
Australia ; and I trust the effect of such generous rivalry will be 
to maintain and increase the spirit of learned research and of 
original observation which it is our privilege and our duty to 
foster, to stimulate, and to combine. 


On all the matters, indeed, which have now been brought, to 
your thoughts the one duty of geologists is to collect more and 
more accurate information ; the one fault to be avoided is the 
supposition that our work in any department is complete. We 
should speak modestly of what has been done; for we have 
completed nothing, except the extinction of a crowd of errors, 
and the discovery of right methods of proceeding toward the 
acquisition of truth. We may speak hopefully of what is to be 
accomplished ; for the right road is before us. We have taken 
some steps along it; others will go beyond us and stand on 
higher levels. But it will be long before anyone can reach the 
height from which he may be able to survey the whole field of 
research and collect the results of ages of labour. 


SECTION D.— -Biology 

Opening Address by the President, Prof. Allman 

The present Aspects of Biology and the Method of Biological 
Study 

For some years it has been the practice at the meetings of 
this Association for the special presidents to open the work 
of their respective sections with an address which is supposed to 
differ, in the greater generality of its subject, from the ordinary 
communications to the sections. Finding that during the present 
meeting this duty would devolve on myself, I thought over the 
available topics, and concluded that a few words on the present 
aspect of Biology and the method of Biological Study would 
best satisfy the conditions imposed. 

I shall endeavour to be as little technical as my subject will 
allow, and though I know that there are here present many to 
whom I cannot expect to convey any truths with which they are 
not already familiar, yet in an address of this kind the speaker 
has no right to take for granted any large amount of scientific 
knowledge in his audience. Indeed, one of the chief advan¬ 
tages which result from these meetings of the British Association 
consists in the stimulus they give to inquiry—in the opportunity 
they afford to many of becoming acquainted for the first time 
with the established truths of Science, and the initiation among 
them of new- lines of thought. 

And this is undoubtedly no small gain; for how many are 
there who, though they may have reaped all the advantages 
which our established educational systems can bestow, are yet 
sadly deficient in a knowledge of the world of life which sur- 
rounds them. It is a fair and wonderful world, this on which 
we have our dwelling-place, and yet how many wander over it 
unheedingly? by how many have its lessons of wisdom never 
been read ? how many have never spared a thought on the beauty 
of its forms, the harmony of its relations, the deep meaning of 
its laws ? 

And with all this there is assuredly implanted in man an un¬ 
dying love of such knowledge. From his unshaken faith in 
causation he yearns to deduce the unknown from the known, to 
look beyond what is at hand and obvious to what is remote and 
unseen. 

Conception of Biology and Function of the Scientific Method 

Under the head of Biology are included all those departments 
of scientific research which have as their object the investigation 
of the living beings—the plants and the animals—which tenant 
the surface of our earth, or have tenanted it in past time. 

It admits of being divided under two grand heads : Morpho¬ 
logy, which treats of Form, and Physiology, which treats of 
Function ; and besides these there ate certain departments of 
Biological study to which both Morphology and Physiology con¬ 
tribute, such as Classification, Distribution, and that department 
of research wiiich is concerned with the origin and causes of 
living and extinct forms. 

By the aid of observation and experiment we obtain the ele¬ 
ments which are to be combined and developed into a science of 
living beings, and it is the function of the scientific method to 
indicate the mode in which the combinations are to be effected, 
and the path which the development must pursue. 'Without it 
the results gained would be but a confused assemblage of iso¬ 
lated facts and disconnected phenomena; but aided by a philo¬ 
sophic method, the observed facts become scientific proposiiiom, 
what was apparently insignificant becomes full of meaning, and we 
get glimpses of the consummate laws which govern the whole. 
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Importance of Anatomy 

The first step in our morphological study of human beings is 
to obtain an accurate and adequate knowledge of the forms of 
the individual objects which present themselves to us in our con¬ 
templation of the animal and vegetable kingdoms. For such 
knowledge, however, much more is needed than an acquaintance 
with their external figure. We must subject them to a searching 
scrutiny ; we must make ourselves familiar with their anatomy, 
which involves not only a knowledge of the forms and disposition 
of their organs, internal as well as external, but of their histo¬ 
logy, or the microscopic structure of the tissues of which these 
organs, are composed. Histology is nothing more than Anatomy 
carried to its extreme term, to that point where it meets with the 
Morphological Unit, the ultimate element of form, and the 
simplest combinations of this out of which all the organs in the 
living body are built up. 

Among the higher animals Anatomy, in the ordinary sense of 
the word, is sufficiently distinct from Histology to admit of sepa¬ 
rate study ; but in the lower animals and in plants the two 
become confounded at so many points as to render their sepa¬ 
rate study often impracticable. 

Now the great prominence given to Anatomy is one of the 
points which most eminently distinguish the modern schools of 
Biology. 

Development 

Another order of morphological facts of scircely less impor¬ 
tance than those obtained from anatomical study is that derived 
from the changes of form which the individual experiences during 
the course of its life. We know that every organised being com¬ 
mences existence as a simple sphere of protoplasm, and that from 
this condition of extreme generalisation all but the very lowest 
pass through phases of higher and higher specialisation acquiring 
new parts and differentiating new tissues. The sum of these 
changes constitutes the development of the organisms, and no 
series of facts is more full of significance in its bearing on Biolo¬ 
gical Science than that which is derived from the philosophical 
study of Development. 

Classification an Expression of Affinities 

Hitherto we have been considering the individual organism 
without any direct reference to others. But the requirements of 
the biological method can be satisfied only by a comparison of 
the various organisms one with the other. Now the grounds of 
such comparison may be various, but what we are at present 
concerned with will be found in anatomical structure and in de¬ 
velopmental changes ; and in each of these directions facts of 
the highest order and of great significance become apparent. 

By a carefully regulated comparison of one organism with 
another, we discover the resemblances as well as the dillerences 
between them. If these resemblances be strong, and occur 
in important points of structure or development, we assert that 
there is an affinity between the compared organisms, and we 
assume that the closeness of the affinity varies directly with the 
closeness of the res.-mblance. 

It is on the determination of these affinities that all philoso¬ 
phic classification 01 animals and plants must be based. A 
philosophical classification of organised beings aims at being a 
succinct statement of the affinities between the objects so classi¬ 
fied, these affini ies being at the same time so set forth as to nave 
their various degrees of closeness and remoteness indicated in 
the clas-ification. 

Affinities have long been recognised as the grounds of a natural 
biological classification, but it is only quite lately that a new sig¬ 
nificance has been given to them by the assumption that they 
may indicate something more than simple agreement with a 
common plan—that they may be derived by iuhtritance from a 
common ancestral form, and that they therefore afford evidence 
o e a true blood relationship between the organisms presenting 
them. 

The recognition of this relationship is the basis of what is 
known as the Descent Theory. No one doubts that ihe resem¬ 
blances we notice among the men. bers of such small groups as 
those we name species are derived by inheritance from a common 
ancestor, and the Descent Theory is simply the extension to the 
larger groups of this same idea of relationship. 

if this be a true principle, thrn biological classification becomes 
an exposition of family relationship—a genealogical tree in'which 
the stem and branches indicate various degrees of relationship 
and direct and collateral lines of descent. It is this conception 


which takes classification out of the domain lof the purely Mor¬ 
phological. 

Affinity determined ly ihe Study of Anatomy and Development 

From what has just been said it follows that it is mainly by a 
comparison of organisms in their anatomical and developmental 
characters that their affinities are discoverable. The structure 
of an organism will in by far the greater number of cases be suf¬ 
ficient to indicate its true affinity, but it sometimes happens that 
certain members of a group depart in their structure so widely 
from the characters of the type to which they belong, that with¬ 
out some other evidence of their affinities no one would think of 
ass : gning them to it. This evidence is afforded by develop¬ 
ment. 

An example or two will serve to make the subject clear, and 
we shall first take one from a case where, without a knowledge 
of anatomical structure, we should easily go astray in our attempts 
to assign to the forms under examination their true place in the 
classification. 

If we search our coasts at low water we shall be sure to meet 
with certain plant-like animals spreading over the rocks or rooted 
to the fronds of sea-weeds, all of which present so close a resem¬ 
blance to one another as to have led to their being brought 
together into a sin ;le group to which, under the name of 
“ Polypes,” a definite place was assigned in the classification of 
the animal kingdom. 

They are all composite animals consisting of an association of 
buds or zooids, which remain organically united to one another, 
and give to the whole assemblage the appearance in many cases 
of a little branching tree. Every bud carries a delicate transpa¬ 
rent cup of chitine within which is contained the principal part 
of the animal, and from which this has the power of spontane¬ 
ously protruding itself ; and when thus protruded it will be seen 
to present a beautiful crown of tentacles surrounding a mouth 
through which food is taken into a stomach. As long as no 
danger threatens, the little animal will continue displayed with 
its beautiful corona of tentacles expanded ; but touch it ever so 
lightly, and it will instantly close up its tentacles, retract its 
whole body, and take refuge in the recesses of the protecting cup. 

So far then there is a complete agreement between the animals 
which have been thus associated under the designation of Polypes, 
and in all that concerns their external form no one point can be 
adduced in opposition to the justice of this association. When, 
however, we pass below the surface and bring the microscope 
and dissecting needle to bear on their internal organisation, we 
find that among the animals thus formed so apparently alike, we 
have two totally distinct types of structure ; that while in one 
the mouth leads into a simple excavation of the body on which 
devolves the whole of the functions which represent digestion, 
in the oilier there is a complete alimentary tract entirely shut ofl 
from ihe proper cavity of the body and consisting of distinctly 
differentiated oesophagus, stomach, and intestine ; while in the 
one the muscular system consists of an indistinct layer of fibres 
intimately united in its whole extent with the body walls, in the 
other there are distinctly differentiated free bundles of muscles 
for the purpose of effecting special motions in the economy of 
the animal; while in the one no differentiated nervous system 
can be detected, in the other there is a distinct nervous ganglion 
with netvous filaments. In fact the two forms are shown by a 
study of their at.atomical structure to be ong to two entirely dif¬ 
ferent (ritnary divisions of the animal kingdom ; for while the 
one has a close affinity with the little fresh-water Hydra, and is 
therefore referred to the Hydroida among the sub-kingdom Ccel- 
lenkrata, the other is referable to the group of the l’olyzoa ; it 
has its immediate affinities with the Ascidians, and belongs to the 
sub-kingdom of the Mollusca. 

We shall next take an example in which the study of develop¬ 
ment rather than of anatomy affords the clue to the true affinities 
of the organism. 

Attached to the abdomen of various crabs may often be seen 
cettain soft fleshy sacs to which the name of SaeeuUna has been 
given. They hold their place by means of a brandling root-like 
extension which penetrates the abdomen of the crab and winds 
itself round its intestine or dives into its liver, within which its 
fibres ramify like the roots of a tree. 

Now the question at once presents itself: what position in the 
animal kingdom are we to assign to this immoveably rooted sac 
destitute ol mouth and of almost every other organ with which 
we are in the habit of associating the structure of an animal ? 

Anatomy will here be powerless in helping us to arrive at a 
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conclusion, for the dissecting knife shows ns little more than a 
closed sac fdled with eggs and fixed by its tenacious roots in the 
viscera of its victim. Let us see, however, what we learn (rom 
development. If some of the eggs with which the Sacculina is 
filled be placed in conditions suited to their development, they 
give origin to a form as different as can well be imagined from 
the sacculina. It is an active, somewhat oval-shaped little 
creature, covered with a broad dorsal shield or carapace, and 
furnished with two pairs of strong swimming feet which carry 
long bristles, and also with a pair of anterior limbs or antennre. 
It is, in fact, identical with a form known to zoologists by the 
name “Nauplius,” and which has been proved to be one of the 
young states of the Barnacle and of other lower Crustacea; 
while even some cf the higher Crustacea have been observed to 
pass through a similar stage. 

After a short time the Nauplius of our Sacculina changes its 
form; the carapace folds down on each side and assumes the 
shape of a little bivalve shell; while six new pairs of swimming 
feet are developed. The little animal continues its active nata¬ 
tory life, and in’ this stage it is again identical in all essential 
points with one of the young stages of the Barnacle. 

In the meantime a remarkable change takes place in the two 
antenna:; they become curiously branched and converted into 
prehensile organs. The youug Sacculina now seeks the crab on 
which it is to spend parasitically the rest of its life; it loses its 
bivalve shell, the prehensile antenna; takes hold of its victim, 
penetrates the soft skin of its abdomen in order to seek within it 
the nutriment with which it can be there so plentifully supplied, 
locomotion is gone for ever, and the active and symmetrical 
Nauplius becomes converted into the inert and shapeless 
Sacculina. 

The nearest affinities of Sacculina are thus undoubtedly, with 
the Barnacles, which have been proved both on anatomical and 
developmental grounds to belong to the great division of the 
Crustacea. 

A Philosophical Classification cannot form a single Rectilineal 
Series 

A comparison of animals with one another having thus resulted 
in establishing their affinities, we may arrange them into groups, 
some more nearly, others more remotely related to one another. 
The various degrees and directions of affinity will be expressed 
in every philosophical arrangement, and as these affinities extend 
in various directions, it becomes at once apparent that no arrange¬ 
ment of the animal or vegetable kingdom in a straight line 
ascending like the steps of a ladder from lower to higher forms, 
can give a true idea of the relations of living beings to one 
another. These relations, on the contrary, can he expressed 
only by a ramified and complex figure which we have already 
compared to that of a genealogical tree. 

Homology 

In the comparison of organised beings with one another, cer¬ 
tain relations of great interest and significance become apparent 
between various organs. These are known by the name of 
Homologies, and organs are said to be homologous with one 
another when they can be proved to be constructed on the same 
fundamental plan, no matter how different they_may.be in form 
and in the functions which they may be destined to execute. 
Organs not constructed on the same fundamental plan may yet 
execute similar functions, and then, whether they do or do not 
resemble one another in form, they are said to be merely analo¬ 
gous ; and some of the most important steps in modem Biology 
have resulted from attention to the distinction between Homology 
and Analogy, a distinction which was entirely disregarded by 
the earlier schools. 

The nature of Homology and its distinction from Analogy will 
be best understood by a few examples. 

Compare the wing of a bird with that of an insect; there is a 
resemblance between them in external form; there is also an 
identity of function, both organs being constructed for the pur¬ 
pose of flight, and yet they are in no respect homologous, for 
they are formed on two distinct plans which have nothing what¬ 
ever in common. The relation between them is that simply of 
analogy. 

On the other hand, no finer illustrations of Homology can be 
adduced than those which are afforded by a comparison with one 
another of the anterior limbs among the various members of the 
vertebrata. Let us compare, for example, the bird’s wing with 
the anterior limb of man. Here we have, two organs between 
which the ordinary observer would fail to recognise any resem- 


blancc—organs, too, whose functions are entirely different, one 
being formed for prehension and the other for flight. When, 
however, they are compared in the light which a philosophic 
anatomy is capable of throwing on them, we find, between the 
two, a parallelism which points to one fundamental type on which 
they are both constructed. 

There is first the shoulder-girdle, or system of bones by which, 
in each case, the limb is connected with the rest of the skeleton; 
Now this part of the skeleton in man is very different in form 
from the same part in the bird, and yet a critical comparison of 
the two shows us that the difference mainly consists in the fact 
that the coracoid which in man is a mere process of the scapula, 
is in the bird developed as an independent bone ; and in the 
further fact that the two clavicles in man are, in the bird, united 
into a single V-shaped bone or “furcula.” Then, if we can 
compare the ann, fore-arm, wrist, and hand in the human skele¬ 
ton with the various parts Which follow one another in the same 
order in the skeleton of the bird’s wing, we shall find between 
the two series a correspondence which the adaptations to special 
functions may in some regions mask, but never to such an extent 
as to render the fundamental unity of plan difficult of detection 
by the method of the higher anatomy. As far as regards the 
arm and fore-arm, these in the bird are nearly repetitions of 
their condition in the human skeleton ; but the parts which 
follow appear at first sight so different as to have but little rela¬ 
tion with one another, and yet a common line can be traced with 
great distinctness through the two. Thus the wrist is present in 
the bird’s wing as well as in the anterior limb of man, but while 
in man it is composed of eight small irregularly-shaped bones 
arranged in two rows, "in the wing it lias become greatly modi¬ 
fied, the eight bones being reduced to two. Lastly, the hand 
is also represented in the wing, where it constitutes a very im¬ 
portant part of the organ of flight, but where it has undergone 
such great modification as to lie recognisable only after a critical 
comparison; for the five metacarpal bones of the human hand 
are reduced to two consolidated with one another at their proxi¬ 
mal and distal ends ; and then the five fingers of the hand are 
reduced in the wing to three, which represent the middle finger, 
fore-finger, and thumb. The fore-finger in the bird consists of 
only one phalanx, the middle of two, and the thumb forms a 
small stiletto-like bone springing from the proximal end of the 
united metacarpals: 

In the case now adduced we have an example of the way in 
which the same organ in two different animals may become very 
differently modified in form, so as to fit it for the performance of 
two entirely different functions, and yet retain sufficient con¬ 
formity to a common plan to indicate a fundamental unity of 
structure. 

Let us take another example, and this I shall adduce from the 
vegetable kingdom, which is full of beautiful instances of the 
relations with which we are now occupied. 

There are the parts known as tendrils, thread-like organs, 
usually rolling themselves into spirals, and destined, by twining 
round some fixed suppoit, to sustain climbing plants in their 
efforts to raise themselves from the ground. We shall take two 
examples of these beautiful appendages, and endeavour to deter¬ 
mine their homological significance. 

There is the genus Smilax, one species of which adorns the 
hedges of the south of Europe, where it takes the place of the 
Bryony and Tamils of our English country lanes. From the 
point where the stalks of its heart-shaped leaves spring from the 
stem, there is given off a pair of tendrils by means of which the 
Smilax clings to the surrounding vegetation in an inextricable 
entanglement of branches and foliage. 

With the tendrils of the Smilax let us compare those of'the 
Lathyms aphaca, a little vetch occasionally met with in waste 
places and the margins of corn-fields. The leaves are repre¬ 
sented by arrow-shaped leaf-like appendages, which are placed 
opposite to one another in pairs upon the stem, but instead of 
each of these carrying two tendrils at its origin like the leaves 
of the Smilax, a single tendril springs from the middle point 
between each pair. 

The tendrils in the two cases, though similar in appearance 
and in function, differ thus in number and arrangement, and the 
questions occur : are they homologous with one another, or 
are they only analogous? and if they be only analogous, can we 
trace between them and any other organ homologous relations ? 

To enable us to decide on this point, we must bear in mind 
that a leaf when typically developed consists of three portions, 
the lamina or blade, the petiole or leaf-stalk, and a pair of 
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foliaceous appendages or stipules, which are placed at the base 
of the leaf-stalk. Now this typical leaf affords the key to the 
homologies of the tendrils in the two cases under examination. 

Take the Smilax : in this case there are no stipules of the 
ordinary form, but the two tendrils hold exactly the position of 
the stipules in our type-leaf, and must be regarded as repre¬ 
senting them. We have only to imagine these stipules so modi¬ 
fied in their form as to become reduced to two long spiral 
threads, and we shall at once have the tendrils of the Smilax ; 
on the other hand let the stipules in our type remain as leaf-like 
organs, and let the rest of the leaf—the lamina and petiole—lose 
its normal character, and become changed into a spiral thread, 
and we shall then have the stipules of our type-leaf retained in 
the two opposite leaf-like organs of the Lathyrus, while the 
remainder of the type-leaf will present itself in the condition of 
the Lathyrus tendril which springs from the central point between 
them. 

The tendrils of tiie Smilax and of the Lalhyrus aphaca are 
thus not homologous with one another, but only analogous, 
while those of the Smilax are homologous with a pair of stipules 
and those of the Lathyrus homologous with the lamina and 
petriie of a leaf. 

Besides the homology discoverable between the organs of 
different animals and plants, a similar relation can be traced 
between organs in the same animal or plant; as, for example, 
that between the different segments of the vertebral column, 
which can be shown to repeat one another homologically ; and 
that between the parts composing the various verticils of the 
flower and the leaves in the plant. 

The existence of homological relations such as have been just 
illustrated admits of an easy explanation by the application of 
the doctrine of descent, according to which the two organs com¬ 
pared would originate from a common ancestral form. In accor¬ 
dance with this hypothesis, homology would mean an identity 
of genesis in two organs, as analogy would mean an identity 
of function. 

Distribution and Evolution 

Another very important department of biological science is 
that of the Distribution of organised beings. This may be either 
Distribution in Space, Geographical Distribution; or Distri¬ 
bution in Time, Palaeontological Distribution. Both of these 
have of late years acquired increased significance, for we have 
begun to get more distinct glimpses of the laws by which they 
are controlled, of the origin of Faunas and Floras, and of the 
causes which regulate the sequence oflife upon the earth. Time, 
however, will not allow me to enter upon this subject as fully 
as its interest and importance would deserve, and a few words 
on Palaeontological Distribution is all that I can now venture on. 

The distribution of organised beings in time has lately come 
before us in a new light by the application to it of the hypothesis 
of evolution. According to this hypothesis, the higher groups 
of organised beings now existing on the earth’s surface have 
come down to us with gradually increasing complexity of struc¬ 
ture by continuous descent from forms of extreme simplicity 
which constituted the earliest life of our planet. 

In almost every group of the animal kingdom the members 
W'hich compose it admit of being arranged in a continuous series 
passing down from more specialised, or higher, to more gene¬ 
ralised or lower forms; and if we have any record of extinct 
members of the group, the series may be carried on through 
these. _ Now while the descent hypothesis obliges us to regard 
the various terms of the series as descended from one another, 
the most generalised forms will be found among the extinct ones, 
and the further back in time we go the simpler do the forms 
become. 

By a comparison of the forms so arranged we obtain as it were 
the law of the series, and can thus form a conception of the 
missing terms and continue the series backwards through time, 
even where no record of the lost forms can be found, until from 
simpler to still simpler terms we at last arrive at the conception 
of a term so generalised that we may regard it as the primordial 
stock, the ancestral form from which all the others have been 
derived by descent. 

This root form is thus not actually observed, but is rather ob¬ 
tained by a process of deduction, and is therefore hypothetical. 
We shall strengthen, however, its claims to acceptance by the 
application of another principle. The study of embryology 
shows that the higher animals, in the course of their develop¬ 
ment, pass through transitory phases which have much in com¬ 
mon with the permanent condition of lower members of the 
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type to which they belong, and therefore with its extinct repre¬ 
sentatives. We are thus enabled to laydown the further principle 
that the individual, in the course of its own development from 
the egg to the fully formed state, recapitulates within that short 
period of time the various forms which its ancestry presented in 
consecuti ve epoclis of the world’s history ; so that if we knew all 
the stages of its individual development, we should have a long 
line of its descent. Through the hypothesis of evolution, 
paleontology and embryology are thus brought into mutual 
bearing on one another. 

Let us take an example in which these two principles seem to 
be illustrated. In rocks of the Silurian age there exist in great 
profusion the remarkable fossils known as graptolites. These 
consist of a series of little cups or cells arranged along the sides 
of a common tube, and the whole fossil presents so close a re¬ 
semblance to one of the Sertularian hydroids which inhabit the 
waters of our present seas as to justify the suspicion that the 
graptolites constitute an ancient and long since extinct group of 
the Hydroida, It is not, however, with the proper cells or hy- 
drotheem of the Sertularians that the cells of the graptolite most 
closely agree, but rather with the little receptacles which in cer¬ 
tain Sertularinte belonging to the family of the Piumularida we 
find associated with the hydrothecae, and which are known as 
“ Nematophores,” a comparison of structure then shows that the 
graptolites may with considerable probability be regarded as re¬ 
presenting a Plumularia in which the hydrothecae had never been 
developed and in which their place had been taken by the nema¬ 
tophores. 

Now it can be shown that the nematophores of the living TIu- 
mularida are filled with masses of protoplasm •which have the 
power of thro'ving out pseudopodia, or long processes of their 
substance, and that they thus resemble the Rhizopoda, whose 
soft parts consist entirely of a similar protoplasm and which 
stand among the Protozoa or lowest group of the animal kingdom. 
If we suppose the hydrotheca suppressed in a plumularian, we 
should thus nearly convert it into a colony of Rhizopoda, from 
which it would differ only in the somewhat higher mophological 
differentiation of its CMnosarc or common living bond by which 
the individuals of the colony are organically connected. And 
just such a colony would, under this view, a graptolite be, wait- 
ingonly for the development ot hydrotheca to raise it into the 
condition of a plumularian. 

Bringing now the evolution hypothesis to bearupoa the ques¬ 
tion, it would follow that the graptolite may be viewed as an 
ancestral form of the Sertularian hydroids, a form having the 
most intimate relations with the Rhizopoda ; that hydranths and 
hydrotheca; became developed in its descendants ; and that the 
rhizopodal graptolite became thus converted in the lapse of ages 
into the hydroidal Sertularian. 

This hypothesis would be strengthened if we found it agreeing 
with the.phenomena of individual development. Now such 
Piumularida as have been followed in their development from 
the egg to the adult state do actually present well-developed 
nematophores before they show a trace of hydrotheece, thus 
passing in the course of their embryological development through 
the condition of a graptolite, and recapitulating within a few 
days stages which it took incalculable ages to bring about in the 
palaeontological development of the tribe. 

I have thus dwelt at some length on the doctrine of evolution 
because it has given anew direction to biological study and must 
powerfully influence all future researches. Evolution is the 
highest expression of the fundamental principles established by 
Mr. Darwin, and depends on the two admitted faculties of living 
beings— heredity, or the transmission of characters from the 
parent to the offspring; and adaptivity, or the capacity of hav¬ 
ing these characters more or less modified in the offspring by 
external agencies, or it may be by spontaneous tendency to 
variation. 

The hypothesis of evolution may not, it is true, be yet esta¬ 
blished on so sure a basis as to command instantaneous acceptance, 
and for a generalisation of such vast significance no one can be 
blamed for demanding for it a broad and indisputable foundation 
of facts. Whether, however, we do or do not accept it as firmly 
established, it is at all events certain that it embraces a greater 
number of phenomena and suggests a more satisfactory explana¬ 
tion of them than any other hypothesis which has yet been pro¬ 
posed. 

With.all our admiration, however, for the doctrine of Evolu¬ 
tion as one of the most fertile and comprehensive ol philosophic 
hypotheses, we cannot shut our eyes to the difficulties which lie 
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n the way of accepting it to the full extent which has been some¬ 
times claimed for it. It must be borne in mind that though 
among some of the higher vertebrata we can trace back for some 
distance in geological time a continuous series of forms which may 
safely be regarded as derived from one another by gradual modi¬ 
fication—as has been done, for example, so successfully by Prof. 
Huxley in the case of the horse—yet the instances are very few 
in which such a sequence has been actually established 5 while 
the first appearance in the earth’s crust of the various classes 
presents itself in forms which by no means belong to the lowest 
or most generalised of their living representatives. On this last 
fact, however, I do not lay much stress, for it will admit of ex¬ 
planation by referring it to the deficiency of the geological record, 
and then demanding a lapse of time—of enormous length, it is 
true—during which the necessary modifications would be in pro¬ 
gress before the earliest phase of which wc have any knowledge 
could have been reached. 

Again, we must not lose sight of the hypothetical nature of 
those primordial forms in which we regard the branches of our 
genealogical tree as taking their origin; and while the doctrine 
of the recapitulation of ancestral forms has much probability, 
and harmonises with the other aspects of the Evolution doctrine 
into a beautifully symmetrical system, it is one for which a suffi¬ 
cient number of actually observed facts has not yet been adduced 
to remove it altogether from the region of hypothesis. 

Even the case of the graptoiites already adduced is an illus¬ 
tration rather than a proof, for the difficulty of determining the 
true nature of such obscure fossils is so great that we may be 
altogether mistaken in our views of their structure and affinities. 

To me, however, one of the chief difficulties in the way of 
the doctrine of Evolution, when carried out to the extreme 
length for which some of its advocates contend, appears to 
belhe unbroken continuity of inherited life which it neces¬ 
sarily requires through a period of time whose vastness is such 
that the mind of man is utterly incapable of comprehending it. 
Vast periods, it is true, are necessary in order to render the phe¬ 
nomena of Evolution possible ; but the vastness which the an¬ 
tiquity of life, as shown by its remains in the oldest fossiliferous 
strata, requires us to give to these periods maybe even greater 
than is compatible with continuity. 

We have no reason to suppose that the reproductive faculty in 
organised beings is endowed with unlimited power of extension, 
and yet to go no farther back than the Silurian period—though 
the seas which bore the Eozoon were probably as far anterior to 
those of the Silurian as these are anterior to our own—the hypo¬ 
thesis of Evolution requires that in that same Silurian period the 
ancestors of the present living forms must have existed, and that 
their life had continued by inheritance through all the ramifica¬ 
tions of a single genealogical tree down to our own time ; the 
branches of the tree, it is true, here and there falling away, with 
the extinction of whole genera and families and tribes, but still 
some always remaining to carry on the life of the base through a 
period of time to all intents and purposes infinite. It is true 
that in a few cases a continuous series of forms regularly passing 
from lower to higher degrees of specialisation, and very probably 
connected to another by direct descent, may be followed through 
long geological periods, as for example, the graduated series 
already alluded to, which may be traced between certain mam- 
mals of the Eocene and others living in our own time, as well 
as the very low forms which have come down to us apparently 
unmodified from the epoch of the Chalk. But incalculably great 
as are these periods, they are but as the swing of the pendulum 
in the Millennium, when compared to the time which has elapsed 
since the first animalisation of our globe. 

Is the faculty of reproduction so wonderfully tenacious as all 
this, that through periods of inconceivable duration, and exposed 
to influences the most intense and the most varied, it has still 
come down to us in an unbroken stream? Have the strongest 
which had survived in the straggle for existence necessarily 
handed down to the strongest which should follow them the 
power of continuing as a perpetual heirloom the life which they 
had themselves inherited? Or have there been many total ex- 
tractions and many renewals of life—a succession of genealogical 
trees, the earlier ones becoming old and decayed, and dying out, 
and their place taken by new ones which have no kinship with 
the others ? Or, finally, is the doctrine of Evolution only a 
working hypothesis which, like an algebraic fiction, may yet be 
of inestimable value as an instrument of researcli ? For as the 
higher calculus becomes to the physical inquirer a power by 
which he unfolds the laws of the inorganic world, so may the 


hypothesis of Evolution, though only a hypothesis, furnish the 
biologist with a key to the order and hidden forces of the 
world of life. And what Leibnitz and Newton and Hamilton 
have been to the physicist, is it not that which Darwin has been 
to the biologist ? 

But even accepting as a great truth the doctrine of Evolution, 
let us not attribute to it more than it can justly claim. No valid 
evidence has yet been adduced to lead us to believe that in¬ 
organic matter has become transformed into living, otherwise 
than through the agency of a pre existing organism, and there 
remains a residual phenomenon still entirely unaccounted for. 
No physical hypothesis founded on any indisputable fact has yet 
explained the origin of the primordial protoplasm, and, above 
all, of its marvellous properties which render Evolution pos¬ 
sible. 

Accepting, then, the doctrine of Evolution in all freedom and 
in all its legitimate consequences, there remains, I say, a great 
residuum unexplained by physical theories. Natural Selection, 
the Struggle for Existence, the Survival of the Fittest, will 
explain much, but they will not explain all. They may offer 
a beautiful and convincing theory of the present order and fitness 
of the organic universe, as the laws of attraction do of the in¬ 
organic, but the properties with which tire primordial proto¬ 
plasm is endowed—its heredity and its .adaptivity—remain un¬ 
explained by them, for these properties are their cause and not 
their effect. 

For the cause of this cause we have sought in vain among the 
physical forces which surround us, until wc are at last compelled 
to rest upon an independent volition, a far-seeing intelligent 
design. Science may yet discover even among the laws of 
Physics the cause it looks for; it may be that even now we 
have glimpses of it; that those forces among which recent 
physical research has demonstrated so grand a unity—Light, 
Heat, Electricity, Magnetism—when manifesting themselves 
through the organising protoplasm, become converted into the 
phenomena of life, and that the poet has unconsciously enun¬ 
ciated a great scientific truth when he tells us of 

** Gay lizards glittering on the walls 
Of ruined shrines, busy and bright 
As though they were alive with light” 

But all this is only carrying us one step back in the grand 
generalisation. All science is. but the intercalation of causes, 
each more comprehensive than that which it endeavours to 
explain, between the great primal cause and the ultimate 
effect. 

I have thus endeavoured to sketch for you in a few broad 
outlines the leading aspects of biological science, and to indicate 
the directions which biological studies must take. Our science 
is one of grand and solemn import, for it embraces man himself 
and is the exponent of the laws which heanust obey. Its subject 
is vast, for it is Life, and Life stretches back into the illimitable 
past, and forward into the illimitable future. Life, too, is every¬ 
where. Over all this wide earth of ours, from the equator to the 
poles, there is scarcely a spot which has not its animal or its 
vegetable denizens—dwellers on the mountain and on the plain, 
in the lake and on the prairie, in the arid desert and the swqmpy 
fen; from the tropical forest with its strange forms and gorgeous 
colours, and myriad voices, to the ice-fields of polar latitudes 
and those silent seas which lie beneath them, where living things 
unknown to warmer climes congregate in unimaginable multi¬ 
tudes. There is life ail over the solid earth; there is life 
throughout the vast ocean, from its surface down to its great 
depths, deeper still than the lead of sounding-line has 
reached. 

And it is with these living hosts, unbounded in their variety, 
infinite in their numbers, that the student of biology must make 
himself acquainted. It is no light task which lies before him 
—no mere pastime on which lie may enter with trivial purpose, 
as though it were but the amusement of an hour; it is a great and 
solemn mission to which he must devote himself with earnest 
mind and with loving heart, remembering the noble words of 
Bacon :— 

“ Knowledge is not a couch whereon to rest a searching and 
restless spirit; nor a terrace for a wandering and variable mind 
to walk up and down with a fair prospect ; nor a tower of state 
for a proud mind to raise itself upon; nor a fort or commanding- 
ground for strife and contention ; nor a shop for profit and sale ; 
but a rich storehouse for the glory of the Creator, and the relief 
of man’s estate.” 
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SECTION G_ Mechanical Science 

Opening Address by the President, W. II. Barlow, 
C.E., F.R.S. 

In the observations which I have to address to you I shall not 
attempt a general survey of a subject so vast and so varied as 
the manufactures of this country, nor shall I attempt to describe 
the many new and beautiful inventions and mechanical appliances 
which form a distinguishing feature of the age in which we live ; 
but I shall endeavour to draw your attention to one of the new 
materials, namely modern steel —a material which, though of 
comparatively recent origin, has already become an important 
industry, and whose influence in the future seems destined to vie 
in importance with that resulting from the introduction of iron. 

I have used the term “modem steel," because, although the 
great movement in simplifying and cheapening the process of 
producing steel is necessarily associated with the name of Mr. 
Bessemer, yet we have further important steps taken in a forward 
direction as to the production and treatment of steel by Dr. Sie¬ 
mens and Sir Joseph Whitworth and others, both in this country 
and abroad. 

It is now seventeen years since Mr. Bessemer read a paper at 
the meeting of the British. Association at Cheltenham, which was 
entitled, “ On the Manufacture of Iron and Steel without Fuel.” 

It is satisfactory to know that Mr. Bessemer has often ex¬ 
pressed his firm conviction that had it not been for the publicity 
given to his invention through the paper which he read before 
the Mechanical Section of the British Association in 1 Sj6, and 
the great moral support afforded him by men of science whose 
attention was thereby directed to it, he believes that he would 
not have succeeded in overcoming the strong opposition with 
which his invention was met in other quarters. 

About this time, or perhaps a little later, a material was pro¬ 
duced called “puddled steel,” and about the same time the metal 
known as “homogeneous iron.” 

The movement which had begun in the production of cheap 
steel was further assisted and developed by the regenerative fur¬ 
nace of Dr. Siemens, by the introduction of the Siemens-Martin 
process of making steel, and further and most important progress 
is suggested by the recent process introduced by Dr. Siemens in 
making steel direct from the ore. 

According to the returns published by the Jury of the Inter¬ 
national Exhibition of 1S52, the total annual produce of steel in 
Great Britain at that time was 50,000 tons. At the present time 
there are more than 500,000 tons made by the Bessemer process 
alone, added to which Messrs. Siemens’s works at Landore pro- 
duce 200,000 tons, besides further quantities which are made by 
his process at Messrs. Vickers, Messrs. Cammelis, the Dowlais, 
and other works. 

I shall not, however, detain you by attempting to trace up the 
history and progress of steel, nor attempt to notice the various 
steps by which this branch of industry has been brought to its 
present important position. My object is to draw attention to 
this material as to its use and application for structural and en¬ 
gineering purposes. 

The steel produced by the Bessemer process was at a very 
early stage employed in rails and wheel-tires. In both these ap¬ 
plications tlie object sought was endurance to resist the effects of 
wear, and toughness to'prevent fracture by blows. There does 
not exist at present sufficient information to determine accurately 
the relative values of steel and iron when used for these purposes. 
As used for wheel-tires, steel bad to compete with iron of the 
highest quality, hut it is nevertheless introduced on most of our 
railways. The iron used in rails was not of such a high quality, 
and the difference in duration shows a very marked advantage in 
the employment of steel, the_ duration of steel rails being variously 
estimated at from three to six times that of iron. 

Steel is also extensively used for ships’ plates, and by the War 
Department for lining the interior of the heaviest guns ; while 
Sir Joseph Whitworth and Messrs. Krupp make guns entirely 
of steel, though for these purposes the metal is' of different 
quality and differently treated, in order to withstand tlie enor¬ 
mous concussions to which it is subjected. 

And, further, we have steel used in railway-axles, crank-axles 
for engines, in boilers, in piston-rods, in carriage-springs, and 
for many other purposes. 

But notwithstanding these various employments of steel, there 
has been, and there continues to he, a difficulty in applying it to 
engineering structures in this country. 


The want of knowledge of the physical properties of steel 
having been the subject of remark at a discussion at the Institu- 
tionof Civil Engineers in 1S6S, a committee, composed of Mr. 
Fowler, Mr. Scott Russell, Captain Galton, Mr. Berkley, and 
myself, undertook to conduct a series of experiments upon this 
subject. 

The first were made for the Committee by Mr. Kirkaidy with 
his testing-machine in London, and were chiefly directed to as¬ 
certain the relation which subsists between tlie resistance of ten¬ 
sion, compression, torsion, and transverse strain. 

In this series of experiments twenty-nine bars, 15 ft. long, 
were used, each bar being cut into lengths, and turned or planed 
into suitable forms for the respective tests, so that a portion of 
each bar was subjected to each of the above-mentioned tests. 

The tensile resistance varied in the different qualities of steel 
from 28 to 48 tons per inch, and the experiments established 
conclusively that the relation subsisting between the several re¬ 
sistances of tension, compression, and transverse strain is through¬ 
out practically the same as in wrought-iron ; that is to say, that 
a bar of steel whose tensile strength is 50 per cent, above that 
of wrought-iron will exhibit about the same relative increase of 
resistance under the other tests. 

They further showed that the limit of elasticity in steel is, like 
that of wrought-iron, rather more than half its ultimate resist¬ 
ance. The total elongation under tensile strain, and the evi- 
deuces of malleability and toughness, will be referred to here¬ 
after. 

The second series recorded in the book published by the 
Committee gave the results of tempering steel in oil and water. 
They were made by the officers of the gun-f3ctory at the Royal 
Arsenal at Woolwich, and show a remarkable increase of strength 
obtained by this process. This property of steel is now fuliy 
recognised and made use of in the steel which forms the lining of 
the largest guns. 

Tlie third series oF experiments was made by the Committee 
upon bars 14 ft. long, I| in. in diameter, with the skin upon the 
metal as it came from tlie rolls. 

The object of these experiments was specially directed to as¬ 
certain the modulus of elasticity. They were made with the test¬ 
ing-machine at H.M, Dockyard at Woolwich, which machine 
was placed at our disposal by the Admiralty. The bars were 
obtained, with some exceptions, in sets of six from each maker, 
three bars of each set being used in tension and three in com¬ 
pression. 

Bars of iron of like dimensions were also tested in the same 
way, in order to obtain the relative effects in steel and iron. In 
these experiments sixty-seven steel bars were tested whose tensile 
strength varied from 32 to 53 tons per inch, and twenty-four iron 
bars varying from 22 to 29 tons per inch.. 

The amount of the extensions and compressions were ascer¬ 
tained by direct measurement, verniers being for this purpose at¬ 
tached to the bar itself, 10 ft. apart, so that the readings gave 
the absolute extensions and compressions of this length of the 
bar. 

These experiments, which were very accurately made, showed 
that the extension and compression of steel per ton per inch was 
a little less than wrought-iron, that the extension and compres¬ 
sion were very nearly equal to each other, and that the modulus 
of elasticity of steel may he taken at 30,000,000, which result 
agrees vyiththe conclusions arrived at by American engineers on 
this subject. 

This property of the metal is important in two respects. First,' 
because inasmuch as the extension per ton per inch is practi¬ 
cally equal to the compression, it follows that the neutral axis of 
a structure of steel, strained transversely, will he in the centre 
of gravity of its section, and that the proper proportion to give 
to the upper and lower flanges of a girder, when made of the 
same quality of steel throughout, will be the same as in wrought- 
iron. Secondly, because the modulus of elasticity of steel is 
practically equal to that of wrought-iron, and the limit of elas¬ 
ticity is greater, it follows that in a girder of the same proportions 
as wrought-iron, and strained with an equal proportion of its 
ultimate tensile strength, the deflection will be greater in the 
steel than in the iron girder, in the rate of the strength of the 
metals; so that if it is necessary to make a steel girder for a 
given span deflect under its load the same amount as an iron 
girder of the same span, the steel girder must be made of greater 
depth. 

The fourth series of experiments were made by the Committee 
on riveted steel, and show clearly that the same rules which 


© 1873 Nature Publishing Group 





Sept. 18, 1873J 


NATURE 


apply to the riveting of iron apply equally to steel; that is to 
say, that the total shearing area of the rivets must be the same, 
or rather must not be less, than the sectional area of the bar 
riveted. . . . 

We know from established mechanical laws that the limiting 
spans of structures vary directly as the strength of the materiil 
employed in their construction when the proportion of depth to 
span and all other circumstances remain the same. We know 
also that, taking an ordinary form of open wrought-iron detached 
girder (as, for example, when the depth is one-fourteenth of the 
span), the limiting span in iron, with a strain of 5 tons to the 
inch upon the metal, is about 600 ft. ; and it follows that a steel 
girder of like proportions, capable of bearing Stons to the inch, 
would have theoretically a limiting span of 960 ft. 

This theoretical limiting span of 960 ft. would, however, he 
reduced by some practical considerations connected with the 
minimum thickness of metal employed in certain parts, and it 
would, in effect, become about 900 ft. foria girder of the before- 
mentioned construction and proportions. 

The knowledge of the limiting span of a structure, as lias 
been explained elsewhere, enables us to estimate very quickly, 
and with close approximation to the truth, the weight of girders 
required to carry given loads over given spans ; and although 
the limiting spans vary with every form of structure, we can 
obtain an idea of the effect of introducing steel by the relative 
weights of steel and iron required in girders of the kind above 
mentioned. 

Assuming a load in addition to the weight of the girder of one 
ton to the foot, the relative weights under these conditions 
would be as follows :— 

Weight of steel Weight cf iron 

Span. girder. girder. 

tons. tons. 


200 57 IOO 

300 I50 300 

400 320 Soo 

It is not alone in the relative weight or in the relative cost that 
the advantage of the stronger material is important, but with 
steel we shall be enabled to cross openings which are absolutely 
impracticable in iron. 

It will naturally be asked why it is that steel is not used in 
these structures, if such manifest advantages would result from 
its employment. 

The reason is twofold :— 

1st. There is a want of confidence as to the reliability of steel 
in regard to its toughness and its power to resist fracture from 
sudden strain. 

2nd. Steel is produced of various qualities, and ave do not 
possess the means, without elaborate testing, of knowing whether 
the article presented to us is of the require 1 quality for structural 
purposes. A third reason, arising probably out of those before 
mentioned, is found in the fact that in the regulations of the 
Board of Trade relative to railway structures, although rules are 
given for the employment of cast-iron and wrought-iron, steel 
has not, up to the present time, been recognised or provided for. 

No.v, as regards the question of toughness and malleability, 
and referring again to Mr. Kirkaldy’s experiments, it appears 
that ia the tests of “ Bessemer steel ” iS samples were tried under 
tensile strain, the length of the samples being in round numbers 
50 in. and the diameter 1-382 in. ; and tliat when these were 
subjected to ultimate strain, the elongation at the moment of 
fracture was in the most brittle example 2] in., but generally 
varied from 44 to 9.4 inches. 

In the experiments on transverse strain, in which the bars 
were nearly 2 in. square and only 20 in. between the points of 
support, all the “Bessemer steel” samples, except two, bent 
6 in. without any crack. Again, in the experiments made by 
the Committee on bars 14 It. long and 1 4 in. in diameter, out of 
20 bars of the milder quality of steel, 16 extended more than 
S in., and of these 10 extended more than 12 in. . . . 

The treatment by comparison is especially important where 
metal is required in large masses andjof great ductility because 
the larger the mas. and the greater the ductility, the larger and 
more numerous are the air-cells, and the effect of the pressure 
is to completely close these cells and render the metal perfectly 
solid. 

By this process mild steel can be made with a strength of 40 
tons to the inch, having a degree of ductility equal to that of 
the best iron. 

The more highly carbonised qualities show a decrease of 
ductility somewhat in the same ratio as the strength increases. 
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Without going into the numerous achievements of Sir Joseph 
Whitworth, resulting from the employment of steel, in connection 
with the extreme accuracy of workmanship produced at his 
works, or doing more than mention the fiat-ended steel shot and 
shell which pass through iron plates when fired obliquely or 
penetrate ships’ sides below the level of the water, I would call 
attention to those applications of steel which bear upon its 
strength and toughness. 

In the first place, there are small arms made entirely of steel, 
of wonderful range and accuracy, capable of penetrating 34 half¬ 
inch planks, which is about three times the penetrating power 
of tlie Enfield rifle. 

Secondly, there are the large guns, also entirely of steel, 
throwing projectiles from 250 lbs. to 310 lbs. in weight, and 
burning from 40 to 50 lbs. of powder at a charge, with which a 
range of nearly 64 miles is obtained. 

In both these cases the degree of strength and toughness re¬ 
quired in the metal is much greater than is necessary for engi¬ 
neering structures. 

It is unnecessary to occupy more time in multiplying examples 
of the toughness of steel. It is well known to manufacturers, 
and must also be well known to many others here present, that 
steel of the strength of 33 or 36 tons per inch can be made, 
and is made in large quantities at moderate price, possessing 
all the toughness and malleability required in engineering struc¬ 
tures. 

I will proceed, therefore, to the second part of the subject 
—namely, the want of means of knowing that a given sample 
of steel is of the quality suited for structural purposes. 

With most other metals chemical analysis is in itself a com¬ 
plete and sufficient test of quality, but in steel it is not so. The 
toughness of steel may be altered by sudden cooling ; and 
although the effect of this operation, and generally the effects of 
tempering, are greater when the quantity of carbon is consider¬ 
able, yet it acts more or less in the mild qualities of steel; so 
that we cannot rely entirely on the aid of the chemist, but must 
fall back on mechanical tests. And in point of fact, seeing that 
the qualities required are mechanical, it is no more than reason¬ 
able that the test should be mechanical; for this includes not 
only the test of material but of workmanship. 

Now there are two descriptions of mechanical testing, which 
may be distinguished as destructive and non-destruciive—the 
one being beyond and the other within the elastic limit of the 
material. The destructive test is that usually applied to a part 
of an article manufactured, as, for example, a piece cut off a 
boiler plate and tested by absolute rupture, or by bending or 
otherwise, whereby the strength and quality of the material in 
the plate is known. 

The non-destructive test is that usually applied to the finished 
work, as in the test of a boiler by hydraulic pressure, or the test¬ 
ing of a gun by the proof-charge. The strain in this case is 
made greater than that which will arise in the daily use of the 
article, but is not so greatly in excess as to be beyond the elastic 
limit of the material. 

As regards engineering structures, this second test is easy of 
aaplication; but it affords no sufficient criterion that the metal 
possesses that degree of toughness necessary to resist the action 
of sudden strains. 

It may be said that engineers may ascertain for themselves, by 
inspection and testing at the works, that they are being supplied 
with the material that they require ; hut assuming that the tests 
and mode of testing were in all respects satisfactory to them, and 
that the metal supplied was of the right quality, we have still to 
comply with the conditions of the Act for the Regulation of 
Railways, and we must satisfy the Government Inspector. 

It is not to be supposed that he can attend all the required 
tests at the works ; and the question remains, how is the In¬ 
specting Officer of the Board of Trade to be enabled to distin¬ 
guish the quality of metal in a finished bridge, when he is called 
upon to give a certificate that it is safe for public traffic ? 

If we could adduce clear and distinct evidence that the metal 
used for a bridge was of a quality which would bear S tons to 
the inch with as much safety as common iron can hear 5 tons, 
there can be no reasonable "doubt that the Board of Trade would 
make suitable provision in its regulations for the employment of 
such material. 

The difficulty lies in the want of something whereby the quality 
of the metal may be known and relied upon with confidence by 
others besides those who made the article. 

In gold and silver this is accomplished by the stamp put upon 


© 1873 Nature Publishing Group 





428 


NA TURE 


L Sept . 18, 1873 


them, in guns anil small arms we have the proof-mark, but in 
iron and steel we have nothing whereby the one quality of metal 
can be distinguished from another; and until some sufficient 
means be devised for this purpose, it is difficult to see how we 
are to escape from the position in which we are now placed— 
namely, that while we possess a material by which we can in¬ 
crease considerably the spans and diminish the weight and cost 
of engineering works, we are restricted to make designs and con¬ 
struct our works by a rule made for wrought iron, and adapted 
to the lowest quality of that material. 

As the rule made by the Board of Trade in respect of wrought- 
iron railway structures may not be generally known, I here give 
it:— 

“ In a wrought-iron bridge the greatest load which can be 
brought upon it, added to the weight of the superstructure, 
should not produce a greater strain on any part of the material 
than 5 tons per inch.” 

It will be observed that this 5 tons per inch is the governing 
clement, irrespective entirely of the quality of metal used ; and 
it is obvious that a rule so framed must act as a discouragement 
to any endeavour to improve the quality of metal, while it tends 
to induce the employment of the cheapest and most inferior 
descriptions which can be made under the name of wrought- 
iron. 

In endeavouring to seek an amendment of the rules, which 
will permit of the employment of steel or other metal of higher 
strength than 5 tons to the inch, I feel bound to say that I do 
not consider that the Board of Trade is alone responsible for the 
position in which the question now stands; and as regards the 
Government Inspecting Officers, I can only say that in the 
numerous transactions I have had with fhem, and although 
differences of opinion have occasionally arisen, yet, considering 
the responsibility which rests upon them, I have found them 
anxious to afford all reasonable facilities so far as their instruc¬ 
tions permitted. 

The first step to be taken is to put our testing on a systematic 
and satisfactory basis. 

The second is to establish some means whereby metal which 
has been tested can have its quality indicated upon it in such 
manner that it can be practically relied upon. 

The experiments before referred to establish, sufficiently for 
all practical purposes, that the relation or proportion between 
the resistances to tension, compression, torsion, and transverse 
strain, is about the same in steel as in wrought-iron. 

The testing required is therefore reduced to that necessary for 
ascertaining two properties, namely the strength and the toughness 
or ductility. 

The strength may be readily ascertained, and no difficulty 
arises on that head. 

The whole question turns upon the test for ductility, or the 
resistance to fracture by blows or sudden strain; and it must be 
admitted that tire tests employed for this purpose are not framed 
on any regular or satisfactory basis. 

Without, however, attempting to say what description of test 
may be found the best for ascertaining the property of ductility, 
it may be observed that what is required for this test is a definite- 
basis to act upon, and that the samples should be so made as to 
render the test cheap, expeditious, and easy of application. 

The next requirement is that when a piece of metal has been 
tested, and its qualities of strength and toughness ascertained, 
there should be some means of denoting its quality in an 
authentic manner. 

To a certain extent this is already done in iron by the mark of 
the maker; but something more than this is necessary to fulfil 
the required conditions in steel. 

What is termed steel, is iron with a small proportion of carbon 
in it. These two ingredients are necessary to constitute steel; 
and there may or may not be present in very small quantities 
graphite, silicon, manganese, sulphur, and phosphorus. 

In ccnnectionjwith the experiments made by the Committee, 
fourteen of the samples were tested by Mr. E. Richards, of the 
Barrow Steel Works, five of which were kindly repeated by 
Dr. Odling. 

Although there are some discrepancies in the results which we 
cannot account for, yet some of the characteristics are brought out 
dearly, 

It appears that manganese maybe present to the extent of four- 
tenths per cent, without injury either to the strength or ductility, 
but sulphur and phosphorus, except in extremely small quanti¬ 
ties, are fatal to ductility. 


In the samples tried by the Committee and Mr. Kirkaldy, the 
quantity of carbon varied from J per cent, to nearly 1 per cent. • 
yet with this small variation in tiie carbon the stiength ranged 
from thirty-three tons to nearly fifty-three tons per In. : and the 
ductility, represented by the ratio which the fractured area bore 
to the original section of the bar, varied from five-tenths in the 
tough qualities, until in the harder samples there was no diminu¬ 
tion perceptible. 

All these materials are called steel, and have the same external 
appearance; but possessing, as they do, such a range of strength 
and such a variation in ductility, it becomes absolutely essential 
that there should be some classification or means of knowing the 
respective qualities among them. 

The want of such classification casts an air of uncertainty over 
the whole question of steel, and impedes its application. To 
this want of knowledge is to be ascribed the circumstance that 
many professional men regard the material as altogether unre¬ 
liable ; while large consumers of steel, in consequence of the un- 
certainty of the quality they buy in the market, seek to establish 
works on tiieir own premises and make their own steel. 

I ought, I know, to apologise for detaining you so long on this 
one question of steel, but 1 consider that the difficulties under 
which it is placed are affecting interests of considerable impor¬ 
tance. 

Not only is a large and useful field for the employment of 
steel practically closed, but the progress of improvement in 
engineering structures is impeded both in this country and in 
other parts of the world where English engineers are engaged. 

For in consequence of the impediments to its employment in 
England, very few English engineers turn their attention to the 
use of steel. They are accustomed to make their designs for 
iron, and when engaged in works abroad where the Board of 
Trade rules do not apply, they continue for the most part to 
send out the old-fashioned ponderous girders of common iron, 
in cases where the freight and difficulties of carriage make it 
extremely desirable that structures of less weight and more easy 
transport should be employed. 

In conclusion, and while thanking you for the patience with 
which you have heard me on this subject, I would observe that 
we possess in steel a material which has been proved, by the 
numerous uses to which it is applied, to he of great capability 
and value : we know' that it is used for structural purposes in 
other countries, as, for example, in the Illinois and St. Louis 
Bridge in America, a bridgdof three arches, each 500ft. span ; 
yet in this country, where “modem steel’’has originated and 
iias been brought to its present state of perfection, we are ob¬ 
structed by some deficiency in our arrangements, and by the 
absence of suitable regulations by the Board of Trade, from 
making use of it in engineering works. 

-Amd I. have_considered it right to draw your attention to the 
position in which this question stands, well knowing that I could 
not address any body of gentlemen more capable of improving 
and systematising our methods of testing, or better able to devise 
effectual mean?, tor removing the impediments to the use of steel, 
than are to be found in the scientific and practical men who form 
the Mechanical Section of the British Association. 
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